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ACETYLENE 


Yesterday, 


wr fHE ALUMINUM INDUSTRY DOES WELL 1 
celebrate the fiftieth anniversary of Hall's 
discovery the basis of today’s industry the 


cetvlene 


ntenary, for in 1836 Edmund Davy told the 


industry might equally well observe a 
British Association about a new, un-named gas. 
doubtedly acetvlene Its commercial possibili 
es lav latent, however, until 1892, when Thomas 
Willson 


irbide in an electric furnace. 


ind James Morehead produced calcium 
there is more 
than an accidental connection of dates, for un 

inted carbide was produced instead of calcium, 
vhich they wanted for a reducing agent to get 
iluminum from its oxide! 

In less than a half-century calcium carbide 
ind acetylene have formed the basis of many new 
industries. First in point of time came the uss 
for lighting An open flame of acetylene has the 
hest known candle power, and there will al 

ivs be times and places where this unique prop 
riv will be useful, but as a main branch of the 
ndustry, acetylene lighting (house lighting, min 


rs) ramps, automobile truck and railroad cat 


its) is definitely on the wane, already relin 
shing first place to welding 
that welding is the first interest of the car 


de industry 


at present is proved by the pro 
ims of the International Ace twle ne Association 
[his interest is bound to grow, for welding as an 
ndustry is in its very infancy, and welded joints 
so essentially correct that nothing else will be 
icceptable to future constructors (except. it 
places where occasional unjointing is necessary) 
How else, for example, could a smooth, stream 
lined body for an automobile be fabricated? 
But welding can be done in many wavs, so 
he question arises as to whether other means of 


Auto 


itic electric machinery seems now to be the 


elding will eventually preempt the field 


st vigorous competitor, but for ability to han 
work on all varieties of metals and allovs, the 
stands in first place Like 


‘v-acetvlene flame 


se nothing is in view that can compete with th 


‘; 


ing flame: do not be surprised to find it tak 


more and more work away from high speed 
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Today, 


steel tools on all sorts of rough machinin 
k-ven though cutting and welding now form 
No. 1 branch of the carbide 


tvlene have expanded witl 


industry, the chem 
ical applications of ac 
such surprising rapidity that the relative impo! 
lance may quickly be changed. Carbide, as the 
basis of cvanamide and thence on to the fixation 
of nitrogen for fertilizer and nitric acid, formed 
the basis of a respectable industry even prior t 


the Wat 


requires about 5000 tons of carbide 


Another war-baby, carbon black. now 


mnually for 


if csi 


ac tvle ne black, having properties givin 


cial value for dry batteries. Only in quite recent 


vears, however, has the us¢t of acetvlens AS 


rather than solid calcium carbide achieved sucl 
large chemical importance 


Kverv high school student of chemistry 


knows that methane gas (CH,) is the starting 
point of a huge number of “aliphatic” compounds 
including paraflins, fats, oils and alcohols. Benzo 


(C,H,) is the starting point of a second group of 


aromatic” bodies including aniline and all the 


coal-tar derivatives It now ippears that by 
starting with acetvlene (C.H.) and working wat 
into that highly unsaturated and active molecul 
we get acetaldehvde, something easily oxidized 
Into acetic acid llere we have not only svnthet 

vinegar but an acid greatly needed in manutas 


iy 


ture of various dves, | mquel solve nts, thisparel I 


mad artificial silks Perhaps LOO,QO0 008 


papel 
lb. of the gas is so used annually 
acetaldehvde can be the basis 


ilcohol coal tal 


lheore ti ally, 


of fattv acids, Iveerin, fats 


bodies. and PUTTS i Teel illy SOT « oT these 


products are even now commercial, notable re 


cent developments being the vinyl resins (molded 
conde nsation produce ts, plastic s, beer-can AL quel 


mnd safety lass’) and synthetic rubbet 


Since the start is just being made, it Is 1 


rash prophecy to say that the future field of firs 
importance to the acetylene industry ts the chem 
ical As one leading chemist puts it, “The prol 
lem of finding uses for the large and grow 
compounds Is far more pre 


family of chemical 


ing than that of their productior 
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Contributions 


ALUMINUM 


T" ALUMINUM INDUSTRY AND SCIENTIFIC WORK- 
ers interested in aluminum have made sub- 
stantial contributions to general metallurgical 


progress. These contributions have not only been 





to Metallurgical Progress 


These 


howeve r. 


but with negative results. 


were 


soda, 


lite and 


experiments not without value, 


for gradually there was forming in his mind the 


inalysis of his problem which was to lead him t 


of a practical nature, but have advanced our a practical solution. 
fundamental knowledge of metals and alloys. In In Hall’s own words — “I had studied some 
iddition, there is a regular “Horatio Alger Story” thing of thermochemistry, and gradually the idea 
to be found in the early history of the aluminum formed itself in my mind that if I could get 
industry. a solution of alumina in something which cor 
First, The Story It was no mere accident tained no water, and in a solvent which was 
that led Charles Martin Hall to the discovery of chemically more stable than the alumina, this 
t practical electrolytic process for the reduction would probably give a bath from which al 
of aluminum. If fortune smiled on him, it was minum could be obtained by electrolysis.” 
because his reasoning was sound and his efforts When he graduated from college, Hall be 
intiring Inspired by a passion for chemistry van to experiment along these lines. He had 1 
ind chemical knowledge, Hall. during his Obet International Critical lables or collection 
lin College days, kept thinking and experiment handbooks to turn to for solubility data. In fact 
ing on possible ways of producing aluminum no one then knew of a fused salt in whi 
Was not every clay bank a mine of aluminum, alumina was soluble, or even if such a combi 
ind the metal as costly as silver tion was possible. Fluorspar (calcium fluorid 
In his first experiment, Hall tried to reduce was the material he first tried, but its fusin 
tluminum from clay by means of carbon at high point was too high for his equipment and the 
temperatures, The experiment was solubility of alumina in it too lo 
1 failure \luminum was) pro by for his purpose, if he had onl 
duced in those days by chemical Junius D. Edwards known it. Magnesium fluoride failed 
reduction of sodium = aluminum Asst. Director of Research for the same reasons. It must hay 
chloride with metallic sodium, and \lumi Research Lab been some latent chemical instin 
Hall speculated for a while on res New Kensingt Pa which led him to start his investiga 
processes of producing cheaper tions among fluorides. Their flux 
iluminum chloride. But that was ing characteristics were known, and 


not his goal. Aluminum oxide was 


: relatively cheap and readily 


available compound of aluminum 


Reduce it he must! He looked for 
1 catalyst which would give him 
iluminum in ae reaction with 
dlumina, carbon, and other com 


pounds such as barium salts, ervo 





perhaps this suggested applicabilit) 
to his problem. For third es 
he tried H 


found ii could be readily fused an 


his 
periment cryolite. 
in the molten condition it dissolve 
ilumina freely. 

Phe 


discovery 


stage was now set for his 


and what a= stage 








he family woodshed! For equipment he had 
mall home-made furnace and bellows, a clay 
rucible, and a home-made battery for his cur 


at 


nt supply. melted some cryolite, dissolves 


I 


{ 


lumina in it, and passed current through the 
nelt for about two hours, but found no alu 
minum in his crucible. This failure he though 
might be attributed to silica and other impuri 


ties from the clay crucible. So he made a carbo 





by 1ihé vel reached end 


Hall, in his electrolytic 


education has no ans an 


reduction of the oxide, 
L hie 
reduction of metals from fused salts was not 
In fact efforts, 
successful, had been mad 


thre 


( hilo ide. 


achieved something quit novel electro 


Iwtie 


new in principle not comme! 


cially to produce alu 


re duc tion of sodium 
ditlic ultly 


thre 


electrolytic 


Othe 


minum by 


iluminum 


had 


reducible 


metals been produced by clectrolvthe 


rucible for the next experiment. This time, decomposition of some fused compound, usually 
ifter several hours’ elec- the chloride Hall hit upon 
trolysis, he found a num- the unique plan, however, 
ber of small globules of of electrolytically decom 
iluminum in the bottom of posing the relatively cheap 
the crucible. This was Feb- oxide while it was dissolved 
lary 23, 1886, just fifty in a stable bath of fused 
vears ago. fluorides lt was 1 Tor 
While Hall had dis- tunate circumstance — that 
vered a practical process his electrolvte was. lighter 
f making aluminum, com- than aluminum, so that the 
mercial success was. still metal would sink through 
some distance away. There the bath and be protected 
ere many technical de- thereby 
tails ol the proce SS which Phi OXI mav be elee 
equired investigation trolvzed smoothly and= at 
ind development.  Finan- low voltage from the cryo 
backing also had to be lite bath Crvolit is a 
btained to promote the sodium aluminum fluoride 
SS lo all of this, Hall md can le cl omposed 
pplied himself with = en only at substantially higher 
Slasm, After several voltages and to the 1 
OuUPrPagInNe episodes, hie iccompanimentl of the s 
tained the backing of a illed anode lect hich 
tsburgh sroup headed makes it impractical com 
\lfred | Hlunt Phe mercially to secure ilu 
Charles Martin Hall. 50 Years Ag ‘ 
ttsburgh Reduction Co minum from the thuorid 
\ Aluminum ( OMMpPans Invented une lectrolvti Process 5 | \ | foday il litt it} 
America) was launched Producing Aluminum From Its Ovid ti wale sented Co fe 
September, 1888, and electrolytically produced 
Miuction of aluminum started in November of from its oxide (Although magnesium has been 
same veal produced commercially from the de sus 
\s a semi-precious metal worth many dol pended and dissolved in a fused fluoride bath, it 
S a pound, aluminum seemed to be 1 MOst s well as calcium, cerium, lithium, and sodium, 
éht-after metal; when available for less that e all me produced by the electrolysis of the 
dollar a pound, there was no rush to buy metal chlorides.) 
tle was known regarding its applications | lust in passing it mav be remarked t! t 
industrial arts, and it was necessary to sta was the desire to supply the world witl ip 
long program of investigation and education tluminum that led Hamilton Y. Castner t 
properties of the metal had to be dete i process for producing sodium electre ly 
ed, fabricating technique developed, new al Sodium, at that time, was bei I d 
Ss of adequate strength and ductility dis he chemical reduction of aluminum from sodium 
ered, and all of these new facts brought to Huminum chloride It was Castner’s misfort 
ittention of a conservative metal-using public. hat the technical success he achieved 
fant to pioneer. The storv has been told 7 ! sodium was of me nterest | 
limes, but the program of research and mn duis by ‘ he Tl 
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Making aluminum available at a low price 
is in itself a notable contribution to metallurg! 
cal progress. Aluminum, with its low density, 
sood electrical and thermal conductivity, re 
sistance to corrosion, and structural strength in 
iloy form, has become an indispensable mem 
ber of the family of metals. In reaching this 
position it has made important contributions In 
other fields of metallurgy 
he difficulty early chemists had in reducing 
tluminum from its oxide is partly explained by 
the high heat of formation of this compound 
This avidity for oxygen has enabled it to perform 
for many vears an important task for the steel 
industry Reduction of the oxides in steel is a 
task for a potent oxygen absorber, and metallic 


aluminum does the job well Although the pi 
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ture has been confused at times, it Is now becom 
ing increasingly clear that aluminum has a pe! 
manent and important place in the productio 
of sound steel ingots, and in the control of grain 
SIZ \s an alloying ingredient in steel, alu 
minum has been almost neglected, but future 
vears may see important changes in this field of 
ipplication 

This avidity for oxygen has enabled alu 
minum to perform other difficult metallurgical 
tasks. The thermit process of reducing metal 
oxides with metallic aluminum is well know: 
and described in almost every high school text 
on chemistry. Diflicultly-reducible metals, sucl 
as titanium, vanadium, and manganese, were 
made available in this way for the first time at a 


reasonable price Although metallurgical prog 


i ee ee 





The Smithfield Street Bridge. Pittsburgh. Being Reconstructed With a Strong Aluminum Alloy 


kloor Svstem The 8-in. aluminum cambered channel the man is carrving is 2] ft. long 
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found cheaper ways of reducing 


‘ as OW 


of these metals, the contribution of alu 


im remains an important one, 


fhe welds produced by superheated steel 


thermit reaction were most excellent 


mi the 


n though gas and electric welding have 
roe ly occupied this field, the excellent chara 
of the thermit welds in heavy members un 
btedly promoted confidence in we lded joints 
Hl kinds, and stimulated the developme nt of 
ll better welding methods 
In the domain of theory, aluminum has als 


When Alfred Wilm, about 


alloy 


i contributol 


417. discovered the wrought duralumin, 


provided a new metallurgical mystery for 


tific sleuths. Here was a wrought material 


cl ould be 


rovement in 


heated and quenched with some 


properties, but which subs 


I 


tly experienced a very important change jus 


standing at room temperature During a 
od of about four davs after heating and 
nching, there is a oD0 increase In tensil 

t] without inv loss in ductility During 


World War this new 


ses, particularly in_ the 


material found many 
fic ld ol 


mvone to investigate 


aviation; but 


was little time fon 
ivsteryv of its behavior. However, the 
iriosities of Paul D. Merica and his 
National Bureau of Standards were 


sed when studving the heat treatment of du 


scich 
iSSOCc!] 


s at the 


tlumin, and their investigations led them to ar 
\dequat expl mmation of the ple nomenon 
\n exact 
ralumin on heating and cooling showed dis 
tinuities in the curves, which Merica, Walten 
erg and Scott rightfully attributed to the precip 


tation trom 


investigation of the behavior of 


a supersaturated solution, of some 
onsituent dissolved during the high-temperaturs 
On the 
their investigations, they advanced the 


sis. that the 


treatment preceding quenching basis of 
hypothe 
copper in) duralumin was sub 
stantially all dissolved in the solid aluminum by 
the heating at temperatures around 950° F. The 
solid solution thus formed was pres¢ rved at room 
alloy 4 


emperature by thie quenching of the 


iuse of the decrease in solubilitv of the dis 


solved constituent at the lower temperature, the 


solid solution was supersaturated and unstabk 


titer cooling, and the excess constituent pre 


pitated slowly in highly dispersed form, even 


it room temperature, thus giving the natural 


phenomenon which was so mysterious 


first discovered. Ihe new and bold con 
ision Was advanced that the solid solution con 
ing the highly 


dispersed precipitat was 


lebruary. 


harder and stronger than the solid solution itsell 


lhe process is frequently termed 


precipitatio 
hardening, or if the emphasis ts on the last stey 


itis termed age hardening 


L hae theory they developed Wiis i otable 


contribution, for it suggested that duralumu 


was probably not the only allov that would ey 


hibit precipitation hardening, but represented 


reat class of allovs. hitherto unsuspected and 


unpromoted Lhis turned out to be the cas Ni 


miv were other very useful heat-treatable al 
minum iwllovs discovered. but illovs f «oft 
metals wer found that exhibited similar. by 
havior on heating, quenchi md a 


imterterence theory aol hana 


ait slip 


so ably idvanced by Jeffries and Arche 
GIVE! is a satisiving picture of just | thy 
Largest Show Dipper keer Built hlolds Cou ) 
Chix rliarvivig nomentl target, red rood Hy exvlensite is 
} alumi umn HiOVs fin reducinys fhie mw 























































cipitation of finely dispersed particles of constituent 
from solid solution should cause increased strength and 
hardness. According to this theory, the numerous sub 
microscopic particles of some constituent, dispersed 
throughout the crystal lattice, act as locks or keys on 
the crvstal slip planes. The resistance to slip thus con 
ferred gives the alloy increased strength and hardness. 
. \s an example of the type of difficulties aluminum 
met in its introduction to the industrial world, mention 
mav be made of its use in electrical conductors. Prof. 
Joseph Richards, Chronicler of The Aluminum Industry, 


writing in 1890. said: “It (aluminum) has been sug 


vested, if it ever becomes cheap enough, as a material 


for telegraph wires, for which its high conductivity 
would fit it, but it is no stronger than copper and not 
nearly so good a conductor, so that it is not likely that 
this use will ever be made of it.” It was indeed soon 
found that the physical properties of the commercially 
pure metal were not adequate for transmission line con 
struction, so an alloy was tried. This alloy, aluminum 
with 2°. copper, soon began to fail from corrosion. At 
this juncture the late William Hoope s. then chief elec 
trical engineer of Aluminum Co. of America, conceived 
the idea of an aluminum cable for conductivity, with a 
steel core for strength. Aluminum cable, steel reinforced, 
met all requirements, and to date over 130,000 miles of 
this cable have been installed in the United States. But 
it has required constant effort to reach this stage. L hie 
supplier of cable has had to make a fundamental study 
of transmission line construction in addition to supply 
ing the conductor. As just one item, reference may be 
made to cable vibration Gentle winds may start a 
cable vibrating, and vibration of sufficient amplitude 
will eventually cause fatigue failure of cable and _ fil 
tings. A fundamental study of the problem in the labo 
ratory and in the field provided a practical solution to 
the problem in the form of vibration dampeners. The 
information gained in these studies will be of practical 
value in other fields. 

William Hoopes’ versatile mind contributed in many 
other ways to the aluminum industry. Notable among 
them was the Hoopes electrolytic refining process fol 
producing pure aluminum. In the Hall process, any im 
purities in the alumina or electrolyte, such as iron or 
silicon, are reduced and appear in the aluminum; purity 
therefore depends on the purity of the raw materials 
entering the reduction cell. No practical means of r 
fining commercial aluminum was available. The Hoopes 
process is untque among metallurgical operations, in 
that it operates with a molten anode and cathode sepa 
rated by a laver of molten electrolyte. The anode laver, 
a heavy aluminum-copper alloy, rests on the bottom of 
a carbon-lined cell. Floating on the anode is a laver of 
fused fluoride electrolyte, and on top and lighter than 


the electrolvte is a laver of pure aluminum acting as 
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fluminum Cable. Steel Reinforced, Has Definite 
fdvantages for High Voltage Electrical Trans 
mission. Advantages Utilized to the Utmost u 


This Long Span Crossing the Mississippi River 


ies 














ithode Pure aluminum, electrolyticalty§ dis 


from the anode, is deposited in the 


olved 
tthode laver to which current ts led through 
raphit electrodes. Aluminum of 99.99 purity 
is been made in this way. 

Entirely apart from its commercial applica 
ons, this metal of very high purity provided 
material for determining the properties of the 
re metal for the first time. E. H. Dix, J 
d his associates, working with Hoopes’ relined 


established the 


uns for the aluminum alloy systems of most 


netal, have equilibrium dia 


terest These investigations, carried out with 


the most precise methods available, have con 
stituted an important contribution to our funda 
mental knowledge of metals. They have also 
proven invaluable in the development of alu 
varied demands of 


minum allovs to meet. the 


modern industry 
Alclad products, with an aluminum alloy 


ore integral with a pure aluminum coating, have 
proven their merit from the start. The discovery 
that the pure metal coating offered electrolytic 
protection to an aluminum-copper alloy core has 


Working 


these lines. a number of verv useful core-and 


many practical applications. along 


coating combinations have been developed 


Structural Aluminum 


Reference has been made to the repeated 
necessity in the progress of the aluminum in- 
dustry, of not only supplying the metal, but 
teaching the customer how to use it. The struc 
tural applications of aluminum in transporta 
lion, such as aircraft, automobiles, trucks, and 
railway cars, as well as in booms and bridges, 
have led to a fundamental study of structural de 
sign for lightness and strength. R. L. Templin 
and the group working with him have made im 
portant contributions in this field and are placing 


Again, 


fundamental in nature 


aluminum in many new structural fields. 
these investigations 
will increase the eflicic nev ol application of othe 
metals, and hence contribute to general progress 

With all the advances of 


Hall process made 


oO vears. since the 


aluminum an inexpensive 


metal, there is still much to be accomplished in 
its serviceability to mankind. The en 


reasil 


luSlasth 


hopes of Hall and other pioneers for 
“Aluminum Age” are still but 


coming of ali 
ims In the meantime, constant research 


th 


scientific and technologic is making of 
‘uminum a very useful member of the family of 


‘ 


ils 


NITRIDING 


OF AUSTENITIC STEELS 


By Bry mmor Jones 


PRESENI AL THO Li Al ALREADY 


LIHOUGH IHil 
A thre 


investigated I 


nitriding characteristics o 


some high alloy steels at 950° F. for 90 hr... a new 


= 


series of experiments, 48 hr. duration, was unde! 
taken to find the di pth of hardening and opu 
mum nitriding temperature Lol rustenitt« 


manganese, chromium and nickel steels 


Of the series of high manganese steels, thr 
oreatest hardenin occurred at 102)° | i! i stee! 
containing 18.4 Mn and 0.15 ( Its hardness 


was 1000 Vickers Brinell (diamond cone) about 
0.001 in. below the surface; half the added hard 
ness was lost at a penetration of 0.001 in \ftes 
nitriding, the steel was found to be slightly ma 


' 


netic, although the core remained non-magneti 


this was due to decomposition of austenite o 
marginal lavers into a-iron and nitrides 


An austenitic nickel steel (34.7 Ni) could 


not be hardened in this series of experiments \ 
nickel-manganese steel (14.6 Ni, 4.9 Mi 
O16 () did not harden appreciably until at 
temperatures of 1125° F., and then only mildly 


to 465 Vickers Brinell 

In a rust resisting martensitic steel contan 
ing 13.3 chromium and 0.35 carbon a surface 
hardness of 1000 Vickers Brinell or over was ob 
tained by nitriding 48 hr. at several temperatures 
between S850 and 1035° I best penetration (0.009 
in. to half the added hardness) occurred at 1035 
FF. Higher 
hardness progressively 

Another 
ing 17.86) Cr, 1.7 


temperatures lowered the surface 


martensitic stainless steel contain 
Ni, and 0.14 (. gave a sul 
face hardness greater than 900 when nitrided 48 
hr. at all temperatures between 950 and 12007 I 
Within this range an increased temperature of 
nitriding resulted in the production of a greater 
depth of case without the loss of muc!l 
hardness lwo-stage nitriding, 24 hr. at 950° | 
and 21 hr. at 1125 1 ive a surtace hardness of 


1150 and al tot il cle pth ol Const ot OOO 


Microstructures of the cases on these 1 
steels are similar Phe diffusion of nitrog | 
the marginal lavers of the steels gives rise to t] 
formation of many insoluble particles of 
mium nitrides The depletion of chromiun 
the matrix destroys the (Continued 
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Durability of 


PLATED STEEL 


Exposed to Weather 


AMERICAN 


—_— tHk PAST SEVERAL YEAKS THI i) 
lectroplaters’ Society, the American Soci very little 


itings with 


to the 


i thickness of about 0.00002 In. add 


WnHSt COTrOSION, ane 


protection ag 


tv for Testing Materials, and the National Bu ire chiefly valuable for resisting tarnish 
iu of Standards have cooperated in extensive Phin coatings of either zine or cadmium f 
tests on thre protective value of plated Coatings ish bette protection wWaimst corrosion than d 
steel The results obtained with nickel and qually t coatings of nickel o1 hromiun 
hromium coatings have been published in Re though they rapidly lose their luste In pure 
search Papers No. 712 and 7214 of the Bureau ot mal r rural climates as little as 0.0002 
Standards under authorship of P. W. C. Straus iN rv cadmium furnishes protection for a 
er, A. Brenner and W. Blum, and a paper on thi irs. In industrial exposures, where sulp! 
md cadmium coatings will be published in iid is present, such coatings fail within a vear 
iv future md th rdmium furnishes only about two-third 
rposul Tests lhe plating was applied t is much protection as an equal thi kness of 
S I old rolled steel. each Ix6 in live (‘onditions used in these experiments for de 
specimens each from about 120 sets were exposed yositing the zine or cadmium had no marked 
veathe ontinuously in) six locations fects on their protective valu Hot-dipped zu 
mamely Key West, Fla.; New York; Pittsburgh oatings o ibout the same protection as plates 
Sandy Hook, N. J.; State College, Pa.: and Wash coatings of the same thickness 
ngton, D. ¢ The type of test rack is shown in iccelerated Tests. As the protective valu 
the halftone, being the result of vears of experi puasi-noble metal coatings, such as of copper 


nee by other A.S.T.M. committees Thev were nickel 
nspected at intervals by a joint committee, whi thei 
issigned numerical ratings based 
ipon the proportion of the surface By William Blum 
vhich rusted Chemist 

he results showed that the to Bureau of Standards 


Washington, D. ¢ 


tal thickness Of mie kel, or ol nickel 





tus copper, is the most important 
factor in the protective value, and 
hat in severe exposures an average 


hickness of at least O.OOL in. is re 





mired te sive sood protection hie 

rece e of a copper laver in thin 

MMPS te oOatings 1s detrimental. saa 
/ 


l I ick coatings t| Oppel: IS 
chromium os 


ipplied. The usual 


imiess 


specially if 





== 
— , 


PPrOorvpi tim 


Veetal Progress: Page lt) 


mnd chromium, depends principally upo 


freedom 


from porosity, a simple test fo 


instance the ferroxy 


Ra 
The ; 
of 


porosity (for 
useful, especially for 
(Sec ilso the 


fest) is very 


factory mspection 
distilled water test for tin coatings 
described on page 39 of last month's 
Merat Progress.) The salt spray and 
tests als 


intermittent immersion 


detect pores but require 1 longe! 
period Pheu results ne only 
roughly parallel to results of al 


mospheric tests 
value of coat 


\s the protective 


nes of zine and cadmium 


tradistinction to 


nickel md 


coatings of coppel 


chromium) 








pally upon their thickness, accelerated cor- 
< tests are of value only to the extent that 
results are proportional to the thickness. This 
ipproximately true for zine in a salt spray 
st. but not for cadmium. Coatings of the latter 
sist the salt spray for long periods, which have 
direct relation to their value in an industrial 
osph re 
Thickness Measurements. The average thick 
ss of anv metal coating can be determined by 
ripping that is, dissolving the coating from a 
mwh area, and determining its weight from the 
weight or by chemical analysis of the re 
ltant solution Such methods have thus far 


most extensivelv used. 


Investigators have recently laid stress o 

mum thickness, rather than average thick 
ss as the controlling factor This makes it de 
ible to determine the local thickness of a 


if any desired pont Metallographi eX 


ition of cross-sections is generally applica 

for this purpose, but is troublesome and ey 

ve. A “dropping” method recently described 
Hull and Strausser in Monthly Revieu 

\ rican Electroplaters’ Society for March, 1935 

plicable to zinc and cadmium coatings. This 


ds on measuring the time required for 


ed reagent to just expose the base met 
t drops onto the coating at a definite rat 
results have been obtained for 
th hard and soft metals by F.C. Mesle’s “chore 


thod™ described briefly last year in Metal 1: 


Promisin 


ind upon which a more detailed paper is 
prep ration This Trié thod de pr nds upon meas 


the width of the cut when the base metal is 


rust exposed by cutting through the co iting ona 
plane surface with a grinding wheel, or with a 


flat file on a surface of known curvature 


| thre above 


Specifications On the basis « 
results and of industrial experience, a joint com 
mittee prepared specifications for plating on steel 
that have recently been adopted by the Americat 
lesting Materials and the Americal 
Ke lectroplaters’ Society as A.S TM tentative 
standards A1l64-35 7T, Al65-359T, and ALlO6-So1 


the essential requirements are as follows 


society tor 


Jinc or Cadmium 
(a) For General Service (0n significant sul 
faces, a minimum thickness of O.0005 
(b) For Mild Servic: 


On significant surtaces 


minimum thickness of 0.00015 in 


Nickel and Chromium 
(a) For General Service: On significant s 
faces the minimum thickness of copper plus 
nickel of 0.00075 in. of which final nickel is a 


least 0.0004 in., and average thickness of 


nium, if required, 0.00002 il} air pirat «| la 
continuous salt spray 


vithstand 48 hy 
(b) For Mild Service: On significant surta 


the minimum thickness of coppel pl is nickel 

0.0004 in. of which at least half is nickel ma 

iverage thickness chromium, if required, 0.0000. 

n. Phe plate should withstand salt s] (, | 
It should be noted that ( Acept 1 

nium), these specitl iwtions detine thre 

thickness o1 ‘significant surfaces’, and tl 

onsiderably ireatel average thickness 


bye required, dependi ipon the shape 


The salt spray test is conducted at %)° I 


( sed forl vposure lests of | lectroplated Coatings at H ashington. 4 | (25 ( ? ye ind failure is de 


horizontal 


ee 


oa on a ~ 
eres, ae 


ru a - Py rd y 
7 7 = 7 z 
Y “hd Bas 
oY a Y e 2 Y 


- - s e Pu 
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ens are held between porcelain knobs and face south at an angle 


Similar racks were used in other locations 





fined in terms of the number and size of the 
rust spots per unit area 

Plating on Non-Ferrous Metals. At pres 
ent a large number of specimens of coppet 


brass, Thi kel brass, rARET' mad adi castings are 


being plated for similar exposure tests \ 
few sets of steel and cast tron will be u 
cluded for comparison and correlation lt 
is hoped to start these exposure tests in the 


spring of 1936, after which laboratory stud 


ies will be made or mpanion specime! 


Lhe rove projyect illustrates thre mival 


oe | ooperatiol nvest il 
broad publi interest Such ooperal nm has 
\pedited nol { ompl I ‘ 
program, but als he pra pl 
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Building lHlood. Godley 


land ( olored 


he hve foward th entrance 


{luminum Sheet: Stainless Stee 


Cleaning ts 


and foutlhoux. 


ad proble riori sie hi ‘ 





Irchitects Is 
l and Bronze 


vpose d metal 




















Metal 





im Functional 


ARCHITECTURE 


—Its 


S MUCH HAS BEEN WRITTEN AND SAID OF LATI 
. vears about the architectural use of metals 
that the metallurgist may wonder why the archi 

t has been so slow to utilize this, that or the 
her new alloy in a large wavy. \ statement of 
the architects’ position, as developed by a number 
f interviews with prominent members of the 


rs ¢ 


rotession may 


} 


; 


therefore be illuminating to read 


if Merat 


Every 


PROGRESS. 


material employed by an architect 


must stand two tests, first, its ability to function 
idequately and reliably, and second, its ability to 
isfy the eve of the observer. This duality does 
contradict the basic principle of functional 


; 


irchitecture, 


7 


i 


so called namely, that that struc 


e which most completely and appropriately 


fulfills the requirements of the building program 


; 


S the 


+} 


best Lhe architect 


solution of the problem. 


nds at his disposal a large number of materials 


nd methods, each equally capable of fulfilling 


{ 


P| 


first test of reliability, and it is by his selection 


the one most able to fulfill the second test ( ve 
veal) that he shows capability as a designer 
[he largest part of a finished build 
never meets the eve. In selecting As told 
materials for such portions, the ' 
F. Charles 
s of appearance is totally ab 
ind the architect may proceed as 
sineer rather than as a designer, 
ad pay tirst attention to utility 
e deals with the visrbl por 
4 rulin considerations divide 
itegories, (a those where 
Ss paramount and l those 
ippearance is of first) impor 
Llere wain the abilitw of the 
tect is tested, for exposed utilita 
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9 Je 
Proponents Views 


rian form which is decorated is poor des! 
iS Poo! design as a pl un ornament 

lhrough the long history of architecture 
metal as a building material has been contines 
with rare exception to the second of the above 
classifications that of decoration Lhe maste 
pieces of the classic period were constructed of 
stone or of concrete, and the more rare and stub 
born material, metal, was utilized only for dowel 
pins between massive blocks, or for door cove 
ings and bindings. Not until centuries later were 
coppel and lead sheet used on roofs Lhat is 
about the limit of utility until within the last 100 
vears cast iron and steel became available for 
beams, columns and trusses. So it is apparent 
that an extensive architectural use of metal in a 
itilitarian wavy is a verv recent innovation, as thi 
centuries go, 

For decorative purposes the Greeks and 
Romans cast many bronze statues and reliefs, 
tripods, urns, and shields, and from medieval 
times on, notable iron and bronze work, both 
cast and wrought, adorned many architectural 

creations throughout the world \ 
, fairly generous supply of easily tusibl 
metal and the development of int ate 
Thum 
roing mmd foundry methods make 
metal decoration one of the commonest 
of stvl lhis persists even today 
in be proven by a visit to tl Mi 
Products Exhibit at Rockefeller ¢ ( 
Ni York, where most of tl » 
of architectural ses OL various t 
run to elaborate decoral I 
of trances and fovers 
llowever, some \ ssi 
sults of tl interior use of metal 
Page 43 





Inguiry Bureau of 
Corbett. 


castings 
















































lilitarian standpoint have beet ittained in 


ich examples as the Inquiry Bureau of the Met 
ropolitan Life Building in New York City by the 
irchitects Waid and Corbett As shown in the 
view below, an extreme 


atmosphere of prac 


ticality and efficiency is achieved by emphasizing 


the surface of the painted steel partitions; its 


only ornament is attained by allowing the joints 
between vertical and horizontal members to be 
transition from thi 


steel) to the ad 


clearly visible, as well as the 
upright posts (made of 14-gags 
floor 


the only non-functional decoration (that is, de¢ 


sockets made of nickel bronz 


justabl 


oration not logically derived from the structural 


or utilitarian requirement of the decorated ob 


iect) is reserved for the cornice with its dentils 


ind moldings and the coffering of the ceiling 


even the pattern on the ceiling surface is the 
result of joining the acoustic tiles Ihese tiles 
consist of perforated steel pans, having a baked 


namel finish, which hold acoustical pads 


Stair railing, ceiling fixtures, and partitior 


floor so kets are of a whit nickel bronze con 


taining 13°% nickel in the extruded shapes, 15 


nickel in all sheets and tubes, and 16 nickel i 


eriol ae? al Vetal for Its Sirict 


{ tility | vemplified by 
Vetropolitan Life Building (Waid and 
{rcohitects Hohite nickel bronze extruded shape s and 


enameled steel partitions. ceiling and furniture 








the castings. All the steel is finished with a bake: 


enamel of a color blending with this nickel-cop 
per alloy These booths show clearly how at 
architect, working upon basic principles of fun 
tionalism, can satisfactorily solve a problem fall 


ing under the heading of strict utility withou 
calling upon decorative forms to appease the ey 
and how he can express a material by its forn 
alone, even though its color and texture are de 


stroved by painting the surface 
Sheet Metal for Exteriors 
seen in the Rex Cole Show 


archite cts Mut 


chison and Hood, Godley and Fouilhoux, illus 


this is avalin 


Room in Brooklyn, work of the 


trated on the opposite page. Here all walls ar 


sheathed in welded and painted sheet steel \] 
though painted bands of color and printing add 
masses of the 


to the decoration, the essential 


building leading up to the enormous refrige 
itor ire the fundamental means of attracti 
the eve the nature of the corners, the identit 
of the planes of the walls and windows, the vis 


minimizing of mold 


ble welded joints, and the 
ings all clearly show that the building is executes 
in sheet metal This building indicates the re 
markable and unusual effects at the disposal 
the builder in metal 


llowever, Mr. Fouilhoux’s 


CApPerichce 
been that this material is, as vet, no more e 
nomical than any of the commoner and mor 
bulky materials, as the saving in raw material is 
eaten up by the expenses of obtaining workers 
experienced in handling it or in training the in 
experienced. Metal is also at a disadvantage i 
competition with older building materials whicl 
are available in a satisfactory range of stock 
sizes, developed by long experience with them 
construction, 
chitect 


units which he can fit together to form his ow! 


For exposed wall surfaces the a! 
needs an equivalent set of small metal 
designs for the sheathing necessary to cover the 
steel skeleton (which has been so thoroughly cle 
veloped and so useful). Stock wall sections al 
ready supplied with various openings, or eve! 
stock parts such as doors and windows, are not 
acceptable to the individualistic architect, in Mi: 
Fouilhoux’s opinion. 
lfurning now to the consideration of exam 
ples where the decorative purposes ol the desig! 
are more important than their utility, the prol 
lem becomes more diflicult if it is to be solved u 
to the fact that the 


and possibiliti . 


metal This is due architect 


recognizing in the color, texture, 





>» 


hii 
i 





Exterior Use of Metal for Its Strict Utility Exemplified by Rex Cole Show Room 


Fouill mix irohite Is 


polish of the metals a means of attracting and 
pleasing the eye (which is the purpose of all de« 
oration) desires to leave the metal surface ex 
posed to view, but finds that it will not retain its 

inal appearance, that it tarnishes and _ re 
juires constant cleaning. In interior use, as in 
the ex unple given above of the Metropolitan Life 
Building, or in the elevator lobby of the McGraw 
Hill building in New York by Architects Hood, 
Godley and Fouilhoux, the problem of cleaning 
s relatively simple, because of the cleanness of 
the conditioned air, and the smooth surface facil 
tates rather than hinders the cleaning. Moreover, 


rit iverag 


ge interior no metal is far beyond 

reach of the polishers, and short step-ladders 
mops on poles reach every part 

he exterior problem solved as shown in the 

12 is ve ry diflicult Hi re the steel 


Sheets between thy 


Ww on pag 
windows (and the window 
lrames themselves) have been painted; the wide 
bands of the frieze and door treatment are col 
red aluminum. Where stainless steel and bronze 


tubing have been used they have been covered 
All this is frequently 


leaned. The magnificent lettering is bronze and 


with transparent varnish. 


glass enamel on bronze, but it collects dirt 1 ip 
dly and is very difficult to clean without ob 


icting the entrance. 





Vurchison and Hlood (odlev and 


ti elded yotnts in sheet steel are left ‘ rposed and eren acer ntuated hy painted har ls of 


Lhe treatment with tubing at the door 
most effective and useful, architecturally, to draw 
the observer's eye to the entrance by this series 
of brilliant lines running from the plane of th 


facade around the corner and leadin into the 
qaoors Yet the 


whether thre 


problem ol upkeep makes t 


questionabl architectural advat 


ages outwe igh the economical disadvantags 


Maintenance of Brilliant Metal 
lhe front cover of the magazine shows al 


elaborate grille above the entrance to the Bonwit 


feller building in New York by Ely Jacques 
Kahn: in it the diflicultv of cleaning is all too ob 
vious his is made of stainless steel, a medium 


which in Mi 
tectural problem up to the time the 


Kahn’s opinion answers the arcl 
build 
completed. It is adaptable to small sections, thu 


illowing plenty of light through the window; its 


— 


color is beautiful; it is possible to construct { 
it something of suflicient decorative bea 
draw attention to the entrances Yet after 
pletion of the building and removal of a1 
builder's refuse, the dirt and foggy condensat: 


from citv air accumulates and dulls its luste 


rapidly; immediately th ind incor 


‘ Ape nsSé 


venience of cle mins be in 
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lo a metallurgist this might be an indictment 
of the atmosphere rather than of the metal, but 
the architect must build in congested and indus- 
trial areas, and his materials must conform to 
the surroundings rather than vice versa. Even if 
the metal is coated with a transparent varnish to 
protect the surface, the action of the atmosphere 
a slightly 


sradually gives the colorless varnish 


vellow tint. However, this procedure is the most 
satisfactory so far found for bright steel close to 
the street level, and the 18-8 so treated is most 
ittractive. Mr. Kahn has adopted this solution 
to the 


Radio City to the satisfaction of both architect 


entrance doors to the Yardley Shops in 
ind client. Of course, even in such cases, fre 
quent washing of transparent or bright reflective 
surfaces Is necessary 

Phe fact still remains, however, that a truly 
dirt-proof metal for exterior use in congested 
areas has not been found as vet by the architects 
interviewed. The vertical metal strips running up 
the pilasters between windows of the Empire 
State Building show clearly the action of the city 
atmosphere both by the slight dullness of color 
ind by the black and streaked stains or deposits 
it thre 


is not altogether detrimental, as a matter of fact, 


horizontal jointures of the metal This 
for it has rather heightened the effect, as in this 


unique cxample the metal has been treated so 
broadly and placed so far above the eve of the 
observer that the luster is quite apparent and 
the loss in subtlety of surface texture is not no 
ticcable from the street level. Furthermore, the 
dark deposits at the joints serve to emphasize thi 
type of material used, by showing clearly the 
method of joining 

the consensus of these leading American 
architects is, then, that although the possibilities 
for the new and broader use of metal are many 
and varied, the absence of thoroughly adaptable 
unit sections hampers its use as a major building 
material and its inability to reflect its luster and 
finish when subject to the attacks of city air pre 
vents the extensive use of various metals for exte- 
riors. High cost also limits it to the mor pre 
tentious structures. Painted steel and exposed 
non-ferrous metals used for interiors have proved 
highly satisfactory but there is still something to 
be done before exposed metal on the outside will 
prove satisfactory to both architect and owner. 
It should be emphasized that the above has not 
considered in any way the possibilities of more 
extensive use of metal in the skeleton or frame of 
buildings smaller than the multi-story and indus 


trial buildings in which its value is preeminent 





COPPER HOUSES 


By E. J. Malwey 
New York 


wn COPPER HOUSES HAVE BEEN BUILT IN 
European countries, they have been de 
signed in extremely modern style, much too rad 
ical to attract the American owner. Consequently 
the first one in this country was made on quit 
conventional lines. It was recently completed ii 
Bethesda, a suburb of Washington, by Coppe: 
Houses, Inc., subsidiary to Kennecott Copper Co 

This first copper house is of the British farm 
house type, although plans are prepared for a 
number of houses in styles of architecture har 
monizing with the finer type of American resi 
dences. Many savings of the pre-fabricated idea 
are embodied in their construction without sa 
rificing the beauty associated with older forms of 
construction in timber, brick and stone 

the building has a structural steel frame for 
its first floor. Vertical members (studs) are 4-i 


steel channels, set 32 in. on centers and ade 
quately crossbraced. Floor joists for both ground 
and second floor are supports d by this steel, and 
being 12-in. trussed steel beams, need no interm«: 


diate supports. Interior partitions may be placed 


at will, and in fact changed from time to time t 
needs of the occupants, just as may be 
done in a modern oflice building Also the var 


threaded through. thi 


sul thre 
ous service lines can be 
joists to reach anv desired location 

Outside walls up to the eaves are built of cop 
thick. 


vertical edges of each sheet are 


pel sheets, 0.065 in weighing about 3 Ib 


pel sq.ft. Lhe 


flanged over to fit within an extruded brass 


shape. which in turn is bolted to the studs by 
f-bolts. The construction is shown in the sketc! 
which also shows a half-inch layer of composi 
tion board cemented to the copper plate for u 


etTect 


( ontinued on page SS 


sulation and stability and to dampen the 


of anv sounds 
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Sheet Metal Base for 


BATH TUBS 





Competes With Castliron 


ED SANITARY WARE USING SHEET METAI 
stead of an iron casting for a foundation 
irred on the market in 19382. In that vear 
irst completely satisfactory lavatory mad 
rmed metal was ready for the market. Once 


ct vas broken, ex 


periments were conducted 


base of sheet iron is absolutely fundamental to 


enameling Considerabl research 


successful 


was Pecessary before a special quality ol Armco 
ron was developed, capable at ones ofl deep 
forming into intricate designs, bonding securely 


with porcelain enamel, and free from elements 


h allied products. The lavatory was followed which produce “blisters” and “fish-scales” in the 
successful forming and enameling of bath enameling during firing. It was then found that 
hen sinks, laundry tubs and cabinets 1 Li-vgage sheet of this special smooth, velvety 

( vericnce with this variety of plumbing finish (not a spongy surface but firm and _ fine 

Ss since proven its entire reliability rrained) will be stiff enough and bond strongly 
While the use of formed sheet tron ins the cnough to the porcelain so the latter will not chip 

s production of sanitary ware is revolution or crack unless the ware is grossly mistreated 
racter, it is along the lines followed Obviously the equipment and methods neces 

inv industries in recent vears The goal of sarv for forming and press the sl 1 

facturers has been to eliminate unnecessary shape between appropriate dies are q diff 
Crease strength, Improve appearance ent from foundry methods iSt 1 L] ( 

d quality of products and reduce costs of ship re definite differences als the finis | 

handling and installation all major fac erations 
rs that he Ip to lower the ultimate cost to the Sand blasting ts the most satistfa I method 
sume! if cleaning and preparin i ist in surtace or 
he fundamental differences involved may n enamel finish The rough edg iti md 
s| ippreciated by a few remarks about thi noldu sand are first removed \ thoroughly 
iring processes. Cast iron for enamel cleaned surface is one of the first requirement 
purposes has very special characteristics; for good enamelin 
st be sufliciently fluid to cast into very thin After the wet ground or slush coat ts applied, 
lls, vet without blowholes. porosity oO! slag the casting ts fired in a fturnace heated to Loo 
ts. Its coefficient of expansion must be right L100° I removed from the furnace and a coat 
d the enamel adjusted thereto. Perfect cast of powde red enamel is sprinkled on the hot I 
US al absolutely essential. Design is also im face through a sieve fhe castu is mediately 

ta Llne parts must have rounded corners returned to the furnace, and the process x 

d edges, so cast that they will have every op peated until the entire surface is smooth and free 

tunity to heat uniformly in the enameling of defects. Sometimes the enamel! ist il 

lf one part is fired more reaches in. thick u rial irea 

dilv than another. there mav be By Bennett Chapple Sheet metal prod s tine 

s the enamel and a result Vice-President ther hand, are prepared for enam 

nsatisfactory appearance. \merica Roll M ‘ ‘ DD }! kis Vy rormed 

t is equally true that a good Middle Vv s ire | . a 
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iikaline cleaning solution to remove any oil ot 
crease, then they are rinsed in water After an 
wid pickling they are rinsed again and then sent 
through a neutralizing solution. After the sheets 
have been thoroughly dried they are ready for 
the first coat of enamel 

Sheet iron is given a special ground coat to 
secure the strongest bond with the metal surface, 
and to serve as a base for the finish coats. The 
ground coat most commonly used is a composi 


tion of feldspar, borax and quartz, with smallet 
quantities of soda ash and niter, cobalt oxide and 
Lhe latte! 


oxides” bye Cause 


manganese dioxide. oxides are termed 


“adherence thes promot the in 


termingling of glass and metal, giving intimate 


contact that resists stress and strain Phev also 
give it its name, cobalt blue, from the characte 
istic color. 

When the ground coat has been applied to 


the formed metal by dipping in or spraying on 
the blue composition, it is taken to a large fun 
nace and fired from 3 to 7 min. at 1580 to 16007 F 
After cooling and inspection, the first white, o1 
cover coat, is spraved on the product, and it ts 
again fired in a furnace at approximately 1560 
FF. The process is repeated for successive coats, 
ending with the acid resisting coat 
which is standard on the new ‘i Sanitar 
formed metal plumbing ware 

Decorative effects are ob stainless steel 
tained by applying color with a 


solt composition roll This enamel 


is fired at a lower temperature 


than is required for the enamel 
base; the decorations, however, are 
thoroughly fused into the enam 


eled surface there is no limit to 


the use of color or color combina 
tions when using the wet process 
on sheet metal Intricate designs 
can be reproduced with perfect 
results. As a consequence, prod 
ucts in a varied range of colors 


have been placed on the market. 
Another feature of importance 
the of 
formed of sheet iron paves the way 
bath. The the 


has embossed with 


is that enameling tubs 


safer base of 


tub 


to a 


new been 


shallow, wavy corrugations for a 


non-skid tread. This feature should 


have a definite appeal as accident 
insurance companies are not en- 
tirely happy over the claims for 


injuries on slippery floors 


Vetal Progress: 
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k-namel on Pressed Sheet Steel. 





One of the most striking differences is in tl 
weight of the two products. To illustrate, a ca 
iron bathtub, 5 ft. long, weighs between 375 a1 
125 Ib \ built-in tub of metal of 


parable length, made from a 14-gage sheet, 42x& 


formed 


COT 
in., weighs between 110 and 125 lb. A cast ir 
kitchen sink, 60 in. in lensth, weighs from 225 t 
250 Ib.., 


We ighs 60 to 7D Ib 


while the same size of formed metal sir 
Yet the formed metal ware 
than strong enough to stand ordinary uss 


the 


More 
formed metal sar 


handling ar 
Qn tl 


Fabricators of new 
that 


appreciably 


tarv w have found the 


Tre ight 


are 


Costs. are reduced 
said, formed metal is one-thire 
Installation 


Statistics cc 


averave, i can bye 
of the 
quires the services of fewer men 


Northern 


about 33.50 


weight of cast iron work re 


state showed an average 


piled in a 
per unit saved on shipping and 


stallation costs alone 


New and modern designs in fabricatioi 
only are possible but they have become a disti 
reality under the guidance of skilled craftsm«e 


bathro I 


metal unit harmonized, whether it b 


It is possible to complete a kitchen o1 
with every 
in stvle. or colors. or both so diversified are 


models offered 


Is ( olored Porcelats 
Vote the wall pane ls of embossed metal 


This Modern Installation 


jointures and chromium plated plumbing fixtures 
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Properties of the 


9% CHROMIUM STEEL 


(an intermediate alloy) 


C INTINUED DEVELOPMENT OF OIL REFINERY PRO¢ plying a material suitable for service tempera 
esses (such as cracking, reforming, stabiliz tures up to about 1250° F., a chromium content 
hydrogenation, and polymerization of refin of 9° was selected. This is nearly double that 
ery and natural gases to produce high anti-knock contained in the well known 4 to 6 chromium 
gasoline) has led to the wide use of alloy steel steel and is exactly one-half of the chromium 
es in cracking furnaces and other parts of re content of 18-8 Such an amount was deemed 
finery equipment. Perhaps the widest application idequate to provide the desired resistance to 
as been of steel tubes containing 5°) chromium corrosion and oxidation. Strength at high tem 
d 0.50°° molybdenum for the milder conditions perature was then improved by adding elements 
emperature, pressure and corrosion. The mors such as molybdenum, vanadium and tungstet 
pensive 18°. chromium, 8° nickel alloy is also which are strong carbide-formers. 


sed for the most severe conditions Large ton 


these high alloy steels have been used Ixperimental Melts 


4 


Ft I 


er the past five years or more, 


Recognizing a need for an intermediate al \ series of induction furnace melts was 
steel between 18-8 and 5‘ chromium steel, made to determine the individual and collective 
sofar as oxidation resistance, corrosion resist effect of these elements. Carbon, manganese, sill 
ind creep strength are concerned, the Bab con and chromium were held as nearly constant 
k & Wilcox Tube Co. has made an extended as possible to the following limits: Carbon 0.15 
survey for such an alloy which might still be max., manganese 0.50% max., silicon 0.50°> max 
ippropriately priced. Briefly, the requirements chromium 8.00% to 10.00 Analyses of the « 
1 satisfactory material for high temperature perimental melts are given in the first table on 
may be outlined as follows: the next pace They were made inh machine I 
|. It must have good corrosion and oxidation crucibles, deoxidized with manganese and sil 
esistance up to the maximum service and poured into 60-lb. ingots with hot 
perature for which it Is designed by H. D. Newell tops. Ingots were reheated and forged 
yA lts creep strength must be sat- Chief Metal gist to l-in. rounds for test purposes 
sfactory. Babcock & Wilcox Tube ‘ Bars from all heats were annealed 
» Lhe alloy must be structurally Beaver Falls, Pa together in one bundle by furnace co 
stable under long-time heating within ing from 1600° F. to 1000° F. at a1 


service range and be free from of 25 per hi Lhis provided i 


brittlement on cooling mon basis for evaluating the effects of 
1. It must be suitable for tubing variation in analysis. Physical prop 


nanutacture and have satisfactory erties of each steel, as annealed and 
tested at room temperature, are give! 
in the second table Yield point was 


determined by dividers set 0.020 ir 


rming and working properties. 


With the foregoing requirements 





mind and with the objective of sup 
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Chemical Analyses of Trial Heais 
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over gage length. The Charpy impact specimen 


was 0.394 in. square with key-hole notch; impact 
ol 


values are average two tests except those 


They 


ships as the ultimate strengths. are nol 
recorded here, because such values are usually 
determined by some arbitrary method; various 


laboratories fail to agree on the results. Further 


the figures are not useful for design purposes 
Short Time Tests 


While the value of figures for the short time 
high temperature test is a matter of controversy 
it should be remembered that we were at this point 
to find the alloy be 
most likely to have superior creep strength whe 
tested for 1000 hr. 


alyses could not be investigated in reasonable tim 


merely trying which would 


DS 
It is apparent that all the an 
by this time-consuming method. It is also our ex 
perience that in the older, more firmly established 
materials, the short time strength when determined 
under standardized conditions furnishes a roug! 
index of the creep at high temperature, althoug! 
there is no constant ratio between the two values 
figures for short time ultimat 


=~ 


strength of 0.10 to 0.20 


For example, the 


carbon steel. 5 Cr witl 














marked (4) 0.50°% Mo, and 18-8 at 900, 1000, 1100, and 1200° I 
The benefits derived by adding the carbide respectively, all place the carbon steel weakest 
forming elements were evaluated by means of and 18-8 strongest —a relation which also holds 
the “short time, high temperature tensile test.” on careful creep testing at the same temperatures 
These tests were made in the usual 
manner; specimens were 0.905 In, Properties of Annealed 8-10%Cr Steels at 70°F. 
diameter and 2 in. gage length, with - —- - - 
threaded ends. The specimens were Hpet| Added \U/timate 1€ fo, Elon- | Reduc-| _ Charpy, 
inserted into grips made of heat re Vo. |Elements|°« i c oy we d “ad a Mpact 
sisting alloy and heated in a tubs a 
furnace placed between the heads of Kol for) > 
1 hydraulic testing machine of the 504 M S, 50.5 . 4 
Amsler type. Ilron-constantan and JU. ‘ sae abd : 3 i 4 a 
platinum thermocouples were at oe ht a ¢ ; 
tached to the specimen during heat ay a “4 , =F Fe , z 
ing and pulling, the furnace tem , UA 4 Le g 45 
perature being maintained constant Mo, Vt r 4,50 f J 4 
for each test by means Of a poten 400 , 
tiometer type controller with an ad Yolybhde: 
ditional platinum couple adjacent 7 : oe ’ : 
to the wall of the furnace : we ee : 2 A 
esting conditions were stand amet ou c > tes >. ¥ - 
irdized and made in accordance : 1 Uo\ & 41.80 4 ; : ake 
with A.S.T.M. tentative standard 805 | 1.85 %M 5 ’ 50\| 75 5 ; 
E21-34. Pulling speed in all cases Mo| 6 ; PTE ‘ . 
was 0.10 in. per min Although 
vield points were taken from. the 
stress-strain diagrams and elongation and reduc (he curves at the left on page 53 show t 


tion of area recorded for all tests, the index taken 
the effect of the the 


trength. 


for element was ultimate 


Yield points show the same general relation 
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short time strength of the alloys in the 600 seri 
it may be observed that molybdenum is the mo 
le 


tried 


effective single element and vanadium the 


effective of the addition elements 


Molybdenum was favored for the reasons 


} 


1/09 ( ] s 
l But 7 Ti} VW Is M / 
iploved in these additions were 0.5 \ rease in strength « 
2W. The short time strength of the plain num, above which the 
chromium steel was improved in every proved The short 
v the addition elements, and a decided ris vith three elements 
ength was secured in the steel containing ited or even 
ee elements (heat No. 608). num addition (steel 
Oxidatio! 
Advantages of Moly bdenum ries of allovs were t 























it a selectes 

observed th: 

s the most effective in raising strength for 
ost. It is also a metal of which an amplk 
s certain from American ores. Molybde 


is proved itself highly effective in remoy 


‘temper brittleness” in the plain 4 to 6 f 
nium steels, and it was anticipated that its j DUA 
would prevent any such trouble in the 5 Ox 
<> chromium steel. 
neretore a second series of steels contain 
/ chromium was made and tested, contain 
lybdenum in graduated steps (series 800) 
crease in strength obtained with increased 
ybdenum content is shown graphically in the l 
hand set of curves, which indicates that in ire I 


February, 1936: Page 53 


if 


xidation whel 


Re sistance 


compared to the 


stren 
properties 
(Mo. \ 


surpassed by 


ste d tor 
temperature 


molybdenum 





L 
Wi 





Dl 














molybdenum 














Vi We pei V / Ié 
hydrochlo 1/ t 4 er 
| f ah i nn) } 


chromium steel. This is believed due to the vol- 


atility of molybdenum at a red heat. It does not, 
however, cause appreciable loss of the alloy on 
heating as evidenced by the fact that a melt con 
taining 1.43°¢ molybdenum showed 1.41° > molyb- 
denum in the surface layers of the specimen after 
removing scale formed at 250 hr. at 1200° F. 

(he comparative oxidation resistance of the 


chromium steels at 1200° F.., 


s Etched with co ilpl a? 
n n F.- Brine j 1s 
j é f } ) B ? ‘ 
of considerable molybdenum suppresses thes« 


hardening reactions and stabilizes a portion of 
the structure so that it retains the body-centered 
cubic space lattice from the time it solidifies dow 

to room temperature, without intermediate trans 
formation. In other words, if the carbon content! 


is sufliciently low with chromium and moly! 


denum toward the high side of the range, the ai 


hardening tendencies ar 








not very pronounced. In ex 








is sketched at the bottom of 365 
page od. Machined = speci treme cases the structure 
mens °4 in. diameter 2 in will be mostly soft alpha 
long were mounted on a cir : delta ferrite with minor! 
cular ring holder and heated martensitic portions; tl 
in an oxidizing atmosphere latter portions have gon 
for 250 hr. Specimens were | through — the transforma 
cooled ten times to room tions into gamma iron 
temperature without scale austenite and part way back 
removal during the run, N again to a hard constitue 
whereupon the scale formed = §& containing free carbide. 
was removed and _ weight : It is generally pref: 
losses determined. q able to balance the che! 

Microstructure Struc- ~ ical composition so as 
turally, the plain 8 to 10 have a transformable all 
chromium-iron alloys with in order to permit lh 
0.10 to 0.15% carbon are 4 | 
martensitic, and thus air i , 

by a 

harden to about the same ex- ™S 15 Volybdenum Steel, Det 
tent as the plain 5° chro —— -— lad he i Boe, 
mium steels. The presence cl tio Oa ta h .. Techs 
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itment and preserve impact properties. Two 
otomicrographs show the structure of the ap- 
in the air hardened state and afte 


nealing. The 
ind sphe roidized carbides. 


oved alloy 


annealed structure consists of 


rrit 
Creep Strength 


Determination of the creep properties of cer 
tain of the annealed molybdenum steels was un 
lertaken by Prof. F. H. Norton using procedures 
Mera! for October, 1933 


for chromium, 1.50 


PROGRESS 
Data developed the 

nolybdenum alloy are plotted in curve form on 
pace od 


romium-molybdenum steel and 18-8, as found 


described in 


Its creep values in comparison with 5 


by the same investigator, are shown in the tabl 


below 


, 
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Chemical Analysis. After completing thes 


tests and considering the economic factors, the 


hemical composition range selected for the new 
steel was as follows 
‘ 0.15 iX 
Manganese 0.50 max 
Silice 0.50 max 
Un ! 8.00 to 10.00 
Moly bade 1251 1.75 
N nal composition within this range is 9.25 
mium, 1.50 molybdenum, 0.12 carbo! 
\ trade name of “Croloy 9” has also been chosen 
lloy 
Workability and l fility Phe alloy has stain 
properties approaching those of 12 chro 
ron alloys and for this reason mav be 
ad “semi-stainless” as contrasted to the com 
stain resisting qualities of 18-8 and the non 
less qualities of 5°; chromium steels. Per 
this designation of semi-stainless is inept 
{ hnical Standpoint but it gives a concis« 


ul description of the alloy 


rrosion tests to determine suitability for 


mpel iture, high pre SSLT'e pple ation cal 
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not be appropriately made in the laboratory; 


sequently the alloy is now being tested in_ the 


lubes are in 
the 


industry for which it was designed 


service in many oil refineries throughout 


country and the answer as to whether or not the 


alloy fills a need will be determined by the user 


At the present writing, some ten commercial 


furnace heats have already been 


electric proc 


that 


handled when roll 


essed into seamless tubes; all indications are 


the alloy can be satisfactorily 


bars and when piercing and rolling tubes 


ing 
Annealed tubing of the 


readily expanded, formed or 


has good ductility 
be nt 
acceptable 


alloy 


and may be 


Welding practices must follow thos 


for 5‘¢ or higher chromium steels 


Imm pact Strength 


“Susceptibility ratio” tests of Impact speci 


mens show the alloy to be free from any tend 


ency toward embrittlement when cold with excel 
lent hot 


values mav be given for 


ductility when Representative impact 
a bar previously water 
thr. at 
Fr. When water quenched from the draw the im 
pact was 38, 40 and 41 ft-lb. When furnace cooled 
at 25° F. per hi 700° EF. the 


36, 43 and 39.5 ft-lb 


quenched from 1650° F. and drawn 1200 


to below Impact was 


There is thus little change 


in toughness due to the rate of cooling 


The material has thermal expansion chara¢ 


teristics slightly lower than irbon steel Data 
ire as follows 
ls mperature Range Vean ¢ oe ffi 
70° F.to 300° 6.28 X 1 
70° F. 1 600° | 6.63 10 
0° F.to 900°] 7.00 X 1 
70° F. to 1000° I 
lubes of the alloy will consistently meet the 
following minimum physical requirements: Tet 
sile strength, 75.000 psi vield point 10.000 ps 
elongation n 2 in. J0 ind Brinell hardnes 
ISO max 
From the forego desc! ption of this illoy 
{ is apparent that its properties { suitabil 
tv for somewhat severe service p to about 1250 
I’. metal temperature in such applications as | 
nace tubes and heat exchanger tubs lol nly 
fining and for s perk iter tubes in steam boilers 
Othe usScS W 1] indoubted|, bye found where thie 
properties oj the allov are s table In this 
nection, it may be remarked that appropriat 
quenching and tempering heat treatments 
produce a wide variety of physical properties 
which mav be of use for mechanical parts s | ’ 


ind studs 


bolts 


Pave ) ) 











Physical properties of 





BABBITT 


tim base bearing alloys 


_* BASE BEARING METALS, KNOWN COMMERCIALLY 
as “babbitt metals” or “babbitts,” are essen 
tially 


alloys of tin, antimony, and copper, to 


which as much as 30° of lead may be added 
largely for the purpose of reducing their cost. Of 
the elements which materially improve these al- 
loys cadmium is perhaps the most important; 
nickel is also stated to be of value. Of elements 
to be avoided entirely, zinc and aluminum are the 
bismuth, and iron 
Specification B 23 


26 of the American Society for Testing Materials 


most important. Arsenic, 


should be limited in amount. 


(endorsed by the American Foundrymen’s Asso- 
clation) and the specifications of the Society of 
Automotive Engineers for white bearing metal 
allovs may be referred to in this connection. 
A.S.T.M. grade No. 1 and $.A.E. specification 
No. 10 are about the same, being nominally 90 
Sn, 444% Cu, 444% Sb. 


and may be 


Chis babbitt is very fluid 
used for bronze-backed bearings, 
particularly for thin linings such as are used in 
aircraft engines. 

S.A.E. No. 11 is nominally 80°) Sn, 5°4 Cu, 
63, Sb. This is a rather hard babbitt which 
may be used for lining connecting rod and shaft 
bearings which are subjecte d to heavy pressures, 
its wiping tendency is very slight. 

Specification No. 12 (nominally 60°7 Sn, 3 
Cu, 10% Sb and 26 


babbitt and is 


Pb max.) is a relatively 


cheap intended for bearings 


subjected to moderate pressures. All of these 


analyses are suitable for die 


‘astings. 
The presence of zinc and 


arsenic in bearing metals is 
. > (Ontari 
looked upon with disfavor. Ac 


Toronto, 


cording to several authorities, 


By Owen W. Ellis 


Director of Metallurgical Researcl 


Research Foundatior 


arsenic increases the resistance of these alloys | 
deformation at all temperatures; while zinc has ; 
similar effect at 100° F., it causes little or ni 
change in their properties at room temperature 
Zine has been found to have a marked effect 
upon the microstructure of certain of these alloys 
the cubes of SnSb normally present tending t 
Phoug! 


alloys bex ome 


coalesce and form star-shaped groups 
normally of a reddish hue, the 
white when as little as 0.032°% zine is added 

Small quantities of aluminum (for instances 
1.0°.) modify the microstructure of these alloys 
causing the cubes to disappear. Alloys contall 
ing aluminum have a fine, globular structur 
when rapidly solidified, but the aluminum 
combination with a little coppel and some ant 
mony) tends to rise to the tops of castings dur 
ing slow freezing. 

Bismuth is objectionable because it forms 
with tin a eutectic which melts at 279° F., thus 
lowering the strength at temperatures in excess 
ol this 

In high-tin alloys (such as A.S.T.M. No. 1 


lead is limited to U.3do°' 


; 


[his is because of its 
deleterious effect upon strength at temperatures 
above 300° F., for the lead eutectic melts 
360° F. 

Cadmium is without appreciable effect 
the microstructures of these alloys if lead be ab 
sent. When lead is present, it forms with cad 
mium and tin a ternary eutectic which melts 

293° F. Bearings containing this 
combination, therefore, canno! 
be operated at temperatures 
excess of this point without d 


ger of wiping and serious loss 


Canada 


strength. 
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The various alloys covered by the A.S.1.M 
specification have been intensively studied by 
Freeman and Woodward, and Technologic Pape1 
No. 188 of the National 
should be consulted for their results, entirely too 


Bureau of Standards 


voluminous for inclusion here. 

In association with G. B. Karelitz, the present 
suthor has studied the tin-antimony-copper sys 
em as high as 10°% antimony and 8% coppe! 
From the mass of data published by them in 
Transactions, American Society of Mechanical 
Engineers, 1928, it is apparent that both elements 
harden and strengthen in a consistent manne! 
within these limits. Thus, holding the copper 
the 2% 


Brinell and 7560 psi. compressive strength (load 


onstant at 0.5' antimony alloy has 9.5 


pel unit initial area required to compress test 


pieces 0.250 in. per in. length), whereas the 8' 

intimony alloy has 18.6 Brinell and 13,960 psi 
ompressive strength. If, on the other hand, cop- 
per is increased, the physicals increase also; with 
8° copper and 2° antimony the hardness is 15.3 
und the 


with & 


compressive strength 12,080 psi., while 
copper and 10% antimony these figures 
ire 30.4 and 18,420 respectively. 

A most important point brought out by Fre: 
man and his collaborators was that the total def 
rmation of the sample in compression testing 
ff babbitts is a function of the time of appli- 
ation of the load a point sometimes ove! 
looked by those reporting and studying results 
if tests on materials as plastic as are these alloys 
What is true of the compression test is true also 


‘ 


if other types of static test. However. the known 


limitations of static tests do not discount theu 
value; a Brinell test, for example, wherein the 
load is applied for a standard time (say, 30 sec.) 
is of considerable value for purposes of manu 
facturing control. 

rhe relationship between the properties of 
the tin base bearing metals in compression and 
their Brinell hardness numbers is close enough 


Oo permit a fair estimate to be made of thei: 
vield points and other properties in compression, 

ven their hardness numbers. Further, a rela 
tionship seems to exist between the enduranc« 


limits, tensile Brinell hardness 


strengths and 
umbers of these alloys. 

lhe endurance limit (20 million cycles) of a 
in base bearing metal containing about 3.5% cop 
er, 0.207 lead, 0.03° arsenic and a trace of iron 
mold at 300° F.. in 
reases from about 3400 psi. with 3 
‘bout 4400 psi. with 6 


IX(M) psi 


poured at 660 F. into a 


antimony to 
antimony, and to about 
with 9 


antimony. Concurrently, the 


tensile strength when tested at a straining rate of 


1.2 in. per sec. increases from about 7800 psi. to 


about 11.200 psi. and about 13,500 psi., respec 


(125 


ball: 300 sec.) rises from 15 te 


tively, while the Brinell hardness numbet 
kg. load: 10-mm 
about 21 and about 26, respective ly 


resistance of tin base bearing 


\ Ss | M crades No ] 


He rs hman ana 


The impact 
metals closely resembling 
and 3 has been measured by 
Basil They tind that the 
No. 1 is 2.5 at room temperature, and rises to 3.2 
ft-lb. at 300° F., and then drops off to 2.2 ft-lb. at 
100° F. Grade No. 3 (nominally &3 Sn, 8.3 


Sb. 8.3 Cu) has only 0.75 ft-lb 


Izod impact of grade 


Izod impact 


strength at temperature, but toughens 
slightly and gradually to 1.25 ft-lb. at 400° | 


Karelitz and 


room 


The results of experiments by 
Ellis on the 


extent to which 


rolling of tin base babbitts show the 


these alloys can resist plasti 


deformation without rupture Carefully ma 


chined samples, 142 in. long, 1 in. wide, and 


in. thick, were given 
rolls, the 
per pass being 0.025 in. The 


0.175 in No cracks 


13 passes through highly 
polished, 6-in reduction in thickness 
final thickness of 


the samples was therefore 


were observed with lower alloy contents that 
0.0% copper plus 6°. antimony and 4°% copper 
plus 4°° antimony, and only a very few cracks 
occurred when the antimony in the 4°) copper 


babbitt was increased to & 


Wear Tests on Various Babbittis 


conducted weal 


Amsk | 


hardness 


Herschman and Basil also 
modified 
(Brinell 

ibout 240) rolled in circumferential contact wit! 


i babbitt tire 


tests on these allovs. uUSINY a 


test in which a steel wheel 
\ load of 5 Ib. was placed on the 
steel wheel during test, and a stream of kerosens 
babbitt near its area of 
steel The 


orades No. 1 and 3 were about 


was directed onto the 
contact with the losses of weight pe 
1000 revolutions of 
definitely lower than those 
A.S.TLM. 


alkaline 


the same and were 
of the 


with an 


other orades, a lead hardened 


earth, and an 82:18 cadmium 


zinc. The most resistant alloy tested, and it wor 
three times as much as grade No. 1 or 3, was a 
modified A.S.T.M. grade No, &. (5 Sn, 15 S! 
XO) Pb) with 1.05 Cu, 0.6 As, 0.2% Cd and 
0.25) Ni 

Service tests on crank shaft bearings made 


of grade No. 1 alloy, “hardened lead,” grade N« 
10 alloy, and a 90:10 Sn:Cu alloy frequently used 
in U.S. Army 


base allovs were superior in their wear resistances 


truck motors showed that the tir 


February, 1936; Page 57 








to both the “hardened lead,” 
ind lead-antimony-tin alloy 
containing about 3% tin. 

The results may here be 


noted of tests made by Jakeman 


and Barr on behalf of the Brit- 
ish Non-Ferrous Metals Re 
search Association. with the 


primary object of ascertaining 
the comparative chemical action 
of lubricants upon tin base and 


They 


condl- 


bearing metals. 
their 


(using a 


le ad base 


found that under 


tions of test journal 


friction testing machine’ with 
bearings fully lubricated by con- 
tinuous circulation of oil) there 


was ho marked chemical reac 
tion between lubricants and al- 
loys except where oils contain 
fatty 


with alloys containing high per 


Ing free acid used 


were 
centages of lead. The tests also 
that, 


ing, bearings made of high lead 


showed generally speak- 
alloys showed greater frictional 
losses and wear than those made 


of high tin alloys 


Effects of Cadmium 
Reference has already been 
made to alloys containing cad 

mium. Macnaughtan has studied 

O.04 
the 
babbitt by 


antimony babbitt by 2500 


the babbitts containing 3 and 
lead. Th that 1 

tensile the 4 
and of the 12 
intermediate alloys being strengthened pro 


Bring I] 


coppel 


finds cadmium increases 


strength of antimony 
SUO psl., 
PSL., 
numbers are in 


portionately hardness 


creased consistently 6 o1 numbers 
the results of work by Haigh on an alloy 
containing 3 copper and 7 intimony indi 
ite that 1 cadmium increases its endurance 
limit at room temperature from about 1600 psi 
to about 5900 psi. on the basis of 20 million re 
versals of stress 
Goler and Sachs state that the hot strength 
of these alloys is “markedly increased at tem 
peratures up to 350° | The running properties 
ire favorably influenced by the addition of cad 
mium. Krom the aspect of foundry technique 
these allovs do not exhibit any peculiarities as 


compared with the usual high tin white metals.” 


The behavior at high temperatures is con 
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Bearings Everywhere. 


ticable, 


sé mbl Ive, 


7. 





Photo by Irving Browning 





and Precision 


Durability 


of Highe s/ 


siderably affected by small changes in compos 


tion Bismuth or lead is objectionable on a 
eutectics which thes 
differ, 
effect of lead at higl 


doubt it 


count of the fusibility of the 


metals form with tin. Opinions thoug! 


himportantly, as to the 
somewh t 
tin 


Grant | 


temperatures; without 


the strength and hardness of Das 


CTreases 


bearing metals at room temperature 


remarked: “In the author's experience no fa 
ures that could be ittributed to lead have be 
observed, although as much as 6 or 7 has 1 


silee (yur ntly been found in bearings subjected | 


severe usage (his is a point of some impo! 
tance The fact that the high lead alloys 
A.S.T.M. and S.A.I specifications find extensl\ 


ise fullv confirms Grant's observation. Howev: 


to use such allovs in the form of thin linings f 
1utomotive and aircraft bearings is quite impra 
of difliculties of as 


thre i! 


not onlv on account 
but 


ime fo meet 


also because of known fa 


service requirements 


Page 8 





Room temperature strength, acquired by a 


ttle lead in high tin babbitts, is almost entirely 


st at temperatures between 200 and 250° F. 
that 2% lead 
each of anti- 


soegehold and Johnson report 


dded to a babbitt containing 7.5% 
iony and copper will cut the compressive flow 
point from 500 psi. to 200 psi., the tensile strength 
from 1600 psi. to 500 psi., and the elongation in 
» in. from 116% to 1.0% 


9 -all these tests being 
These results indicate that 


performed at 400° F. 
little is to be gained by introducing lead into 
high tin alloys for the mere purpose of increasing 
their resistance to deformation, save where the 
temperatures of the bearings will not exceed 
ibout 200° F. 

Work must still be done on the effect of cop- 
per on the strength of tin base bearing metals at 
} 


igh temperatures. A consensus supports the 


=~ 


Changes in lron and 
by C. H. M. Jenkins 


Condensed from Journal 


ipsam WHICH OCCUR IN IRON AND SOFT STEEI 
under stress at high temperature are of two 
tvpes, (a) those proceeding as a result of the heat, 
ind (b) those resulting from plastic flow. The 
tests described in this paper were made in a 
icuum over a wide range of temperature (650 
L650° F.); the rate of loading was such as to 
iuse failure either in a few minutes, as in the 
short time tensile test.” or in a moderate time 
nostly less than ten days. 
Polished specimens were tested so that the 
rface conditions as well as the interior could be 
after the test. Phe 


a broken specimen is not 


imined microscopically 
riace appearance of 
ivs similar to that observed on longitudinal 
ms. For example, the surface may show the 
esence of slip planes, a widening of the grain 
ndaries, and a general crumpling and corru 
on of the surface, but these may extend only 
depth of a crystal or two and the interior 
ture does not necessarily show appreciabl 
mg that is, as examined after sectioning, 
ing and etching. Such surface differences 
produced by localized stress set up in partly 
supported crvstal grains. 
Materials tested were as follows \ 0.24 
bon basic open-hearth steel; a 0.17 carbon 
ypen-hearth steel; two varieties of Swedish 


Armco 


on; one rod of carbonyl iron, sintered 


ishire wrought iron: two lots of 


view that increase in copper beyond about 3 

lowers their resistance to certain types of severeé 
service, even though copper does increase both 
hardness and strength in these alloys. The r 
A.S.T.M 


grade No. 1 in the form of linings only 0.02 or 0.08 


markable behavior, for example, of 
in. thick for connecting rod and crank shaft beat 
ings of automobile and aircraft engines has yet 
to be logically explained. In this connection, it 
may be noted that the compressive stress re 
quired to cause plastic flow is raised as the ratio 
of the initial area under compression to the thick 
ness of the metal is increased. For instance, in 
the testi 
equal, the apparent proportional limit in com 
pression is 1800, 3000 or 3200 psi., 


whether the test piece is 0.25, 0.50 or 1.0 in. square 


of lead, all other conditions being 


co 
1g 


depending on 


rm spectively in cross section 


Steel During Creep 
and G. A. Mellor 
Tron & Steel Institute 


Some conclusions drawn from the 


test data and numerous micrographs follow 


and rolled. 


Three principal forms of movement occur 


during plastic flow: (1) Slip movement on the 


cleavage planes of the crystals and a general ad 
justment of crystal dimensions to accommodat 


the elongated crystals within the aggregat 


grain boundary 


(2) General movement in the 


material accompanied by auxiliary movement 


within the ains. (3) Movement beginning by 


oy 
slip or grain boundary change, but proceedin 
ifter the 


rvstallization of the strained material 


initial period by contemporaneous re 


The tests show that the extent of each of the 


ibove stages depends on the material, tl tem 
perature and time of test, and the degree of det 
ormatiol thus, in short time tensile tests the 
maximum value of the ultimate load on iron and 
soft steel occurs at a temperature of approxi 
mately O00 | lhe softening range is dete 


mined by the recrvstallization of “cold worked 
material. is in the vicinitv of So0 to 1100 | but 


in creep tests this range of temperature ts low 


ered to nearly 200° F., since “softening” (in the 

ibove sense) by heat treatment occurs more 

rapidly when accompanied by simultaneous def 

ormation. If plastically deformed material is 

reheated in a certain low temperature rat 

sensible aging occurs and hardening is developed 
Continued on page 80 
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Aircraft 





WELDING IN AIRCRAF I] FIKS! 


War Ol 


built-up fittings of low carbon and alloy steels 
| 


ACETYLENI 


O° 


came into general use during the 
rhe advantages of the process were immediately 


ipparent—the investment in equipment was 


small and its adaptability for complicated fittings 
was particularly convenient. As a result the ap 


plication of the process rapidly increased in 
ts scope 

With more general use of the process in this 
ndustry there developed a necessity for higher 
had to 


welding characteristics he 


strength alloys, which at the same time 
have satisfactory 
steel that seems to have survived the test of time 
s chromium-molybdenum steel, containing about 
1.0% chromium, 0.25° molybdenum, and 0.30 


arbon. It is readily welded and with proper 


echnique the welded parts are reliable. It has 


the advantage of a tensile strength of about 


10,000 psi. in normalized condition, 80,000 psi. as 


oh 


_ 


welded, and is regularly heat treated to as hi 
is 200,000 psi. on landing gear parts. In wing 
beams and other parts subject to 
maximum usable 


160.000 to 180.000 


vibration, the 


strength is from 


by Carl de Ganahl has been 


requires 


WELDING 


mamy parts 


onstruction of fuselage skeletons Similar wing 
spars have also been used with considerable suc 
cess The last two are only recently giving way 
to the monocoque, a construction where the ski 
or covering also carries stresses. In such designs 


the welding blowpipe is not so convenient 
Welded chromium-molybdenum steel, however 
will have its place in aircraft construction for 
many vears to come 

Welding of aluminum and some aluminun 


illovs has also been accomplished successfull 


with the blowpipe It has, however, been fairly 
closely limited to gasoline, oil, and water tanks 
Electric arc welding has been tried on alloy 
steel parts used for aircraft with some degree 
of success. It has not come into general use be 


cause of the increased time necessary to tral 


personnel, difliculty of control when welding very 
thin sections, and (probably as much as anythin 


else) to thr 


presence of an already satisfactory, 


icetvlene process. 

Eleetri resistance welding of the chromiun 
molybdenum steel in various forms 
tried but without success 
is that the 


The diflicultys almost in 


Preside t 
psi This takes advantage of its Fleetwings. |} stantaneous cooling following lim 
higher elongation at the lowe! Bristol, Pa ited fusion at the very joint has the 


strengths; above 


these figures the 
fatigue values do not increase pro 
ortionately 

loday the great majority of de- 


signs for landing gear are built of 


hrome-moly” tubing of similar 


analvsis., 


emical 
elded at joints and 


ited For fA 


oxy-acety le Ihe 
then heat 
number of vears 


tubing was standard for the 






nature of a drastic quench whicl 


hardens and embrittles the 
much that 


spots \/ 


a subsequi nt heat treat 


V/ 


ment is necessary to restore sufl 


clent ductility It was then found 


on complicated structures that 


considerable proportion of the spot 


welds made in this manner were 


lost during the heat treatment. Our 


onclusio1 therefore vas t} i! sport 
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Welded With 
{cetylene Process, Weigh 0.50 to 0.70 Lb. per Gallon 


Capacity. Flat surfaces are crowned to avoid high 


.anks of 18-8, Oxy- 


Bulkheaded 


localized stresses which occur when a_ thin, flat 
sheet flexes or “breathes” under variable loadings 





holes at each end. After draining off the surplu 
oil, the holes are closed by small drive screws. | 
this manner fair protection both inside and outsid 
has been obtained for ordinary use, but it is not ad 
quate against salt air or salt water exposure. 
Stainless steel of the 18% 8% nickel 


solution to the corrosion 


chromium, 


type offered an excellent 
problem, but when it first became available this alloy 
did not prove so attractive to aircraft manufacturers 
because of its low yield point, say 35,000 psi. when 
properly annealed, with an ultimate tensile strength 
of 80,000 to 90,000 psi. It tried 


places where high strength was not required and cor 


was, however, in 
rosion resistance was of importance, such as exhaust 
The 


any 


manifolds. These were torch welded. results 


at first were not satisfactory because type of 
fusion welding raises the temperature through the 
range where carbide deposition occurs in the stain 
less. Intergranular corrosion and consequent failure 


resulted. 


When hard rolled, high tensile 18-8 becam: 
available, its high physical characteristics im 
mediately attracted our attention. Material in the 


form of cold rolled strip can now be obtained with 


tensile strength of 185,000 psi., vield point (or stress 





welds on chromium Tests Show That Stiffened SI 
molybdenum = steel were (Monocoque Construction) Is Mi 
too brittle to be of use Sh ma Efficient ‘When Most of the St 
without) subsequent heat Is Carried by Heavier Stringers 
treatment, and = that too PH Se the Lighter Skin H These St 
serious a loss, due to _|_ -.% P«it & feners in Place ( ed se 
breakage of spot welds, with § veldas ind ea 
occurred during heat rN * a A A a N be used with » , 
treatment. We the refore wa odds we 


abandoned the process 
Chromium-molybdenum steel, unfortunately, 
is corrosion Corrosion has alwavs 


not proot, 


been a nightmare to aircraft operators because 
are of necessity so light that they hav: 
ol 
therefore 
the 

the limits of safety much more rapidly than on 


thre 


structures 
thre 


paratively 


strength.  ¢ 
the 


stre noth be low 


only PTET Ares om 


thin metal rule, and 


Is 


mV COrrosion would lmMpall 


static structures wher metal sections are so 


much thicker. Corrosion protection is therefore 
) serious consideration on all aircraft parts made 
of any metal or alloy. 


| he 


alloy steel parts is generally 


method now in uss 


for protecting low 
Sand 
The 


side of closed tubing offers a more difficult prob 


as follows 


blast, cadmium plate, and then paint. In 
hot, botled linseed oil or the equivalent is 


thre 


le Il, 


tally pumped into tubes through %¢-in 


Ls! 


Vetal Progre 


for 0.5°% elongation) above 150,000 psi., and elon 


vation of 15°. in 2 in. At last, here was a materia! 


with high physical characteristics, with excellent 


resistance to corrosion! But how would it weld 


Unlike chromium-molybdenum steel, sudde 
chilling from a high temperature does not hard 


I8-8, it being an austenitic alloy. Consequent! 


spot welding proved an excellent method 


fabrication. Ductile spots can be reliably ol 
tained, capable of carrying from 80 Ib. to 15,00 
Ib. per spot, depending on the thickness of mat 
rial joined. We have continued the developme! 


time have bu 


of this art and in the course of 

welding machines of an entirely automatic chat 
acter, some of them capable of delivering 6 
“shots” per minute. Fleetwings, Inc., is at pres 
ent fabricating many aircraft parts of high tens 


shot welded 


stainless, 


ss: Page ie 





In the meantime, however, 
the steel companies have gone 
to work on remedying the dif- 
ficulties encountered in fusion 
welding. As is now well 
known to metallurgists, that 
type of intergranular cor- 
rosion and failure known as 
“weld decay” was due to the 
deposition of chromium Car- 
bides within certain tempera- 
ture ranges and along the 


erystal boundaries, leaving 


that region low in available 


chromium, the main protec- 





dvantages of Spot Welds Shown in Junction of Rib 


Heb Members 


placed close together and at the very edge of the member 


Welds add no weight: they can be 


n against corrosion By the addition of tita 
steel, thre 


pas titanium carbide or columbium cat 


m or columbium to the carbon is 


interference with the 
18-8 type are 


cit is 


preventing 


romiun Stainless steels of the 


ivailable containing one or the other of 


ese elements which can be subjected for a long 


lo any range of temperature up to 1600 o1 
without ny loss in corrosion resistance 

litanium tends to slag off during welding 
th the oxv-acetvlene blowpips and its absences 


Ss noticeable in the weld metal. Columbium., 


strangely 


enough, is much more permanent. 


Satistactory results are obtained if either tita- 


im or columbium bearing stainless steels aré 
' 


elded with columbium bearing rods 
i! ifolds ol 


Exhaust 


such materials are now almost 


ndard with the Navy and the Army Air Corps. 


\s mentioned before, we are fabricating 


iny aircraft parts of high tensile 18-8 stainless 


shotwelding methods. These are corrosion 


; 


sistant and eminently satisfactory Chere are, 





Wing Skeleton Made of Cold Rolled 18-8 Strip 


however, a great many places where fusion weld 
ing would be a tremendous convenience It is 
hoped, therefore, that the steel companies will 
now make high tensile stainless for us that will 


retain high physicals after fusion welding 
Ixperience Being Gained 


Looking into the future ipplic ition of stain 


less steel in the aircraft industry it Is necessary 
fo answer one particular question “Tlow dor 
its weight-strength ratio compare W th the mat 


rl ils at p esent fashionabl 


Our data indicate that we can build parts 
in stainless as light as in other materials fre 
quently lighter The larger the part and the 
higher the stresses, thre miore id\ mtageous thie 
use af steel Ihe reason for this is that In small 
parts or parts carrying small stress it Is necessar) 
to use minimum gages, and even then the stre! 


is sometimes ibove that required Parts made ol 


sheet down to 0.005 in. thick are inclined to be 
fragile, in the sense that they are easily damaged 
bv careless handling and bump rround. Where 
high stresses are the rule, thicker ages can be 


used and full advantage of the hi h physi ils ca 
be taken 

rhe larger the airplane, therefore, the mors 
suitable the use of stainless becomes. In lat 
aircraft the investment may reach $1,000,000 and 
Obsolescence in three to five vears 


Witl 


the necessity for increased useful life, the cor 


even more 
which is the rule at present, is intolerable 
rosion resistance of high alloy steel becomes of 
increasing importance, both from the point of 


view of maintenance and long life 
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Some applications 


X-RAYS 


to 


VISIBLE ELECTROMAGNETK 


| om 


waves called light, and the shades of red, yel 


low, green, and blue in a subject are attributable 


to differences in the wave-length of the light 
vibrations reflected from the object. 
light, affect photographic film, and upon develop 
ment of the film produce a negative exhibiting 
sradation of shades from black to white similat 
to that of a photograph. We may therefore quite 
reasonably expect light waves and X-rays to have 
1 common origin 

Physicists have proved this assumption to be 
true X-rays are electromagnetic vibrations o1 
light waves; but whereas visual light waves vary 
in wave-length from 3900 to 7700 Angstrom units, 
the X-radiations are extremely short, varying 
from 1000 down to 0.06 Angstrom units In wave- 
length, only the shortest of them being of any 
‘reat usefulness in industrial \-rayv work 

\ third group of vibrations in the electro 
those known as 


magnetic series Of waves are 


fjamma rays. These are of even shorter wave- 
length than X-rays and possess still greater abil- 
ity to penetrate matter. Ultra-violet, visual light, 
the infra-red, the Hertzian, and the radio or elec 
much debated cosmic 


tric waves, as well as the 


rays are all part of the electromagnetic wave 


spectrum The complete electromagnetic wave 
spectrum is shown in the diagram, top page 65 


Since with 


\-rays have a common origin 
light, we may make some intere sting comparisons 
Both X-ravs and 


propagated in 


between them 


light waves are 


by J.R. 


straight lines, and both may be 
reflected, diffracted 


ind polarized. Both are also dif 


refracted, 
Bell Telephe 


New 


ferentially absorbed by matte 


VIBRATIONS OK 


X-rays, like 


| ow nsend 


. Abbon 





of 


-— ELEC 
c 
5 
om WO 





industrial problems 


the great difference between them is that X-rays 
are able to penetrate objects opaque to visual 
light and reveal the internal structure of the ob 
jects, whereas visual light is reflected from their 
surfaces, 

Just as we may have light of various colors 
depending upon the wave-length, we have “hard’ 
X-rays or “soft” X-rays, depending upon whether 
they are in the shorter or longer wave-length s« 

A “hard” X-ray, bi 


cause of its short wave-length, is a ray of hig 


tion of the X-ray spectrum. 


penetration, and is the type desired for work 
the industrial field. We may control the qualit 
of “softness” or “hardness” of the rays by ce 
trolling the 


the X-ray 


low density or objects of little thickness are und 


voltage applied to the terminals 


tube. Consequently when metals 
examination, low voltages are used, since high! 
penetrating rays are not required. But as objects 


sreater thickness ire eXan 


~ 


of greater density or 
ined, higher and higher voltages must be use 
X-rays capable 


because the absorption of the ravs by a mate! 


lo produce of penetrating ther 
decreases for the X-rays of shorter wave-leng 
produced at the higher voltages 

Using a 200,000-volt, air-cooled Coolid 
tube, the maximum thickness of steel, for exa 
ple, that may be X-rayed successfully is appro 
mately 3in. Metals of higher atomic number | 
tungsten or lead have a lower limiting thickne 
ind those of lower atomic number like aluminu 
heav! 


\-rave 


Higher-voltage tubes are obta 


may have somewhat 


sections successfully 


able but they require water c: 
horatories 
Labora ing, and are consequently m« 


difticult to maintain satisfacto1 
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~— ELEC 


c 
a 


row «OC 


oi | XTREME RADIOLOGY 
i RUM TRA-VIOLET 7 Ray: eM 
‘ - A-R ~ X-RAYS (RADIUM < 
1 ti | ~~ +» - 
T i uM o 10 A - oF AV a 
100 AL 
x w 
sanetic Wave Spectrum Extends Far Be 
Range of Visible Light in Both Direct 
the air-cooled tube will give good service ove! 
ng periods without maintenance diflticulties 
The 200,000-volt Coolidge tube used in ou 
iboratory for X-ray photography in industrial 
levelopment work is of the two-element type con 
iining a solid metal anode, generally called th: 
target because it is bombarded by electrons from 
the cathode, which consists of a spiral coil of 
tungsten wire heated to incandescence by current 
from an independently controlled circuit. The 


ibe 


X-RAYS IN 





is evacuated to the 


highest degree possible 


so that it may be oper- 
ited with a pure elec- 
tron 
vacuuln 


niversal type of Cool- 


The 
attained in the 


dis« harge. 


ode by regulation of the current which heats 


lament. 
In operating the 


I tine 


tube the tungsten wire fila 
heated to 
a high voltage is applied betwee 
cet. ele 
ed by the oss the 
ol 


if mode, 


vel 


rming cathode is incan 
ce, and 
i] ma tar 


odur 


This voltage hurls the 


hot-wire cathode act 
cathods 


thre 


ul inches space separating th 
them to 
\ rayvs 


d at the surface of the target and radiate out 


and causes strike 


with great force. are pro 





boeng 


ofl 


Because of the great similarity between light 


auuse of the tnpact the electrons upon tt 


rays and X-rays, it is possible to draw an analogy 
between taking a photograph and preparing an 


X-ray picture or “exograph” of a metallic part for 


possible defects. In taking a photograph of an 
ibject the light reflected from the various po! 


tions of the object are focused upon the sensitized 


surtace of a photographic film Phos portions 
of the object that reflect the most light produce 
the greatest effect upon the film and, conse 


quently, upon developing the film, the negative 


shows dark areas at those points. Conversely, 


those portions of the object reflecting the least 
light show as light areas upon the developed 


negative. 


Similarly in \-raying an object, the rays pro 


duce 


light and dark areas upon the developed 

negative but instead of 

\-ravs being reflected 
the 
upon film, 
the ¢: of the 
photograph, the X-rays 
the 


object and 


from 
falling 


us i ist 


penetrate obiect 


idge tube is so great ind fall upon the film, 
that the pressure is re- which is placed undet 
luced to a few hun- neath. The image pro 
lredths of a bar, the duced upon the film is 
bar representing only therefor shadow 
ne-millionth of stand- cture, the variations 
itmospherk pres- cin shad ol 

This gives the whicl dept ad Dp 
olidge tube a great the absorption of the 
tag over the material il rious 
is-filled types, as the points, which in. turn 
t through the lepends upon the vari 
Is inde pendent of itions in tl kness of 
voltage between the byect r, if the 
filament and the X-Rays Originating in Coolidge Tube Pass Down biect is made of sev 
; thus giving the Through Object Under Study (in This Casea Metal rel matestals upor 
rator commiste ccs Bracket Then Through He alls of Cassette and Affect tn eleiehe ieelnden ol 

eae Gh the Photographic Film Inside This Light-Tight Holder nyeks ¢9 

ver the emission the materials involved 
electrons from. th lor example, if at 


exograph is prepared of a sand cast bracket con 


Ol 


taining inclusions molding sand, pockets of 


trapped gas, or shrinkage cracks, we should find 
that the A-rav negative would have irregular 
reas of considerably darker shade at the points 
directly beneath the defects Since the density 
tf the bracket was lower at the points where thi 
defects occurred, more X-rays were able to pene 
trate through the metal at those points ind strike 
the film, and therefore the sensitized film was af 
fected to a greater extent at those points; just as 
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Iheretore, all the electrons from the cathod: 


DEPTH =0.25" 
WIDTH = 0.002” 


must strike the anode, or target, in a very smal] 
area so that the X-rays produced will come fr 

as nearly a point-source as possible. To accom 
plish this a molybdenum shield is usually placed 
around the cathode to confine and direct the floy 
of electrons to a focal spot on the target 0.25 in 

less in diameter. The only other control upon th 
sharpness or definition of an exograph is attained 
by varying the distance of the tube from the ol 
ject under examination. The further the tube is 
placed from the object, the more nearly the X-rays 





produced at the small 
focal spot on the target 
irtificial Cracks of Same Cross- ; approximate a point 
Sectional Area But of Different — 











source. The objection t 
Shapes, Cut in I-In. Steel Plate. ele eectihad of imrrens 
Narrow cracks are almost indis- THICKNESS 
a ae dil ing the sharpness of ' 
tinguishable if inclined at a very Ver S ee ; 
blunt angle to incident rays. All - gig negatives is that the in p! 
exographs in this article are nega- vee square law applies sé 
tive prints of the films—that is, to X-rays as well as t : 
holes in metal give dark spots on e . light, and consequently \\ 
film and light spots on the prints any great increase in the ’ 
distance between the 
a, Cc Coolidge tube and _ the 
in photographing the film film requires unduly long ' 
is affected to a greater ex- exposures. Usually a th; 
tent at the points where the 5 tube-to-film distance of : 
greatest amount of light is . 
reflected from the object. =— i} 
: Study of Hair-Line Cracks In- 
If the bracket being : a : 
_ dicates That Openings {bout t 
X-rayed had contained in 0.005 by 0.007 In. Are About di 
clusions of a material of as Small as Can Be Discovered 
higher atomic number, ere. a omaiae ann ae = in 14-In. Steel Plate; Such a | 
globules of lead, for in WIDTH=0.002" =0.005" WIDTH =0.002" = 0.008" Negative Cannot Be Satisfacto- 
stance, then more \-rays Yo MATERIAL Ya MATERIAL rily Reproduced asa Halfton eX 
would have been absorbed » 
at that point, because lead { 
has a much higher absorption coeflicient than iron. 
\s a result, an area of consid rably lighter shade 
would have appeared upon the developed negative ' [ 
at the point Iving directly underneath the lead in- j} 
clusion. Some illustrations will be presented 2 me 7 
further on. f 
One considerable difference exists between a 
taking a photograph and making an exograph. The 3 Fd 
quantity of light entering the camera may be con- Pe 
trolled by adjusting the shutter, and the lens system i 
sharply focuses the light upon the film. While the ’ 
quantity and, to a certain extent, the quality of X-rays | Rae ae | 
produced may be controlled fairly well by regulating 
the milliamperage and voltage of the X-ray tube, there 
is no known method of focusing these rays, so that fine 
definition can be obtained in X-ray work only if the 





source of the rays approximates a point. hickness detectable in per cent. Greatest sensitivit n %-in. me 
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n. or. at the most, 36 in. Is used to attain 
sfactory definition, the 36-in. distance requir 
more than twice the exposure time at 24 In 
produce a negative of the same density 

It has been pointed out previously that at 
sent we are limited in the use of practical 
ray equipment to the examination of metallic 
tions equivalent to a thickness of 3 in. of steel 
e question naturally arises as to how small a 
fect it might be reasonable to expect would be 


iled in such a section 


Sensitivity of the Method 


CNamiba 
thi k 


This might be expected when 


The sensitivity of a radiograph 


depends to a large extent upon the 
ss of the section. 
tis considered that with increasing thickness the 


oblems introduced by absorption and internal 


scattering of the rays are intensified. The orien 


tion of the defects in the object or the angle at 


hich they occur to the incident X-rays is also of 
onsiderable importance. 
For example, if a casting contains a crack 
rientated 90° to the incident X-rays, the width 
the crack represents the difference in density 
it the rays must indicate; whereas, if the crack 
ere parallel to the direction of the rays the en 
tire length of it would furnish a path of reduced 
ibsorption for the X-rays. Therefore, cracks lying 
it angles to the path of the radiation tend to give 
diffused rather than clear-cut images. This adds 
mphasis to the importance of making several 
different 
racks are suspected to exist in the subject undet 
This phase of X-ray examination 


‘aminations at angles when small 

examination. 

s been rather thoroughly studied at Bell Tel 

e Laboratories in order to establish som 
titative measures, 

One series of tests was made by using arti 

i cracks, of cross-sectional area of 0.0005 sq 

i steel plate 1 in. thick. The cracks, how 

were varied in de pth and width in order to 

rmine the effect of these variables upon the 

dability of the X-ray negative. In addition. 


\-rayed at 


normal to an angle of 15” be 


cracks were orientations that 

ed from the 
the ray and the plane of the crack. 

Results of one such study are shown in the 
mes at left. The cracks having the large 
ol depth to width were more easily dis 

shed when they were directly in the path of 

idiation or lying at very acute angles less 
to the radiation. When the cracks wer 


{l if ingles ot | to 1D those with the 
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Exographs of HU elded Joints. One Showing a 


{nother Showing 


Shrinkage or Stress Crack. 
Great Internal Porosity, and the Third a Sound 


Joint Kasil {fchieved UW ith Control 


Proper 


sinaller ratio of depth to width were more easily 
detected 
ind O.OOS in. wide 


For example, the crack 0.0625 in deep 
shown in the figure can be 
easily distinguished at a 15° angle, whereas the 


crack 0.25 in. deep and 0.002 in. wide is pra 
tically invisibl 


Considerable work was als performed on 


so-called “hair-line” cracks. or cracks of area 


smaller than 0.0005 sq.in. The equivalent of this 
type of artificial crack is often found in castings 
and forgings, and is the most diflicult defect with 
which the radiologist has to contend It was 
found that the 


crack that could be distinguished in a in. steel 


limiting cross-sectional area of a 


plate (the thickness most frequently encountered 
in telephone work) under the best radiographi 
conditions was 0.000035 sq. in representing a 
crack having a depth of 0.007 in. and a widtl 
These lines can be seen on the film 


Sone 


of O.005 in 
but cannot be reproduced in a half tone 
of the results on larger cracks in \% to 1-in. steel 
plate are given in the illustration opposit 
Because of the importance of the orientatio: 
of these very fine shrinkage cracks upon thei 
detection by X-ray methods, it is sometimes dé 
sirable and often imperative to take two or more 


gles, in order that the 


radiographs at different ai 
defects presenting too small a difference in thick 
ness for detection in one of them may be detected 
in the 


through the defect mav have 


other, where the path of the radiation 
happe ned tO con 


cide more nearly with its longitudinal axis 


We have utilized a simple penetrometer to 
study the sensitivitv of an X-rav exam ition of 
Pave Oo, 





; 


he various types and sizes of internal de 
fects in steel. Upon a= steel plat say 

in. thick are placed a number of steel 
gage blocks. The blocks are arranged sid 
by side, and each successive block is thicket 
than the preceding one by a definite meas 
urable amount. The resulting radiograph 
will show a series of bands of different 
ntensity, varying in steps corresponding 
to the thicknesses of the gage blocks. By 


picking out the first band perceptibl ind 





knowing thr thickness of the VUE block 
corresponding to the band, a quantitative 
value is found for the minimum additional 


steel thickness detectable in a ly in. steel 


lelephone Handset Re quure Ss Skill on the Part of the Radiogr 


plate , 
pher if Various Substances Are to Be {dequatel Differenti 


Bit Sane procedure should bye rt 


peated with other plate thicknesses varying 


from 14 in. to 1 in At all times the voltage thickness of any defect, which is represented by 
if the tube should be adjusted to give the darker area on the negative, may be estimated. This 
optimum exposure condition for each pat iwccomplished by knowing the total thickness of thi 
ticular thickness of steel. Within a known terial and the ratio between the photographic densit 
thickness range, therefore, the effective it a point where no defects appear Interpretatior 


most X-ray negatives is, therefore, resolv 
into a quantitative instead of a qualitatiy 
study, and the procuring of accurate knoy 
edge of internal imperfection is greatly f 
cilitated by graphs such as the one on page bt 

This investigation demonstrated that 
a thickness of 1% in. of steel, differences 
thickness parallel to the path of the X-ra¢ 
tion representing 0.5°0 of the total thicknes: 
may be detected. For 1-in. steel thicl 
ness, the sensitivity of the X-ray method 
in the neighborhood of 0.8 to 1 of the thicl 
ness, and for 2-in. to 3-in. sections deft 
representing a difference of 2°. in thickness 
may be readily detected. The upper « 
shows the minimum thicknesses of steel d 
tectable for various total thicknesses of ste 
penetrated by the rays. 

lhe lower curve shows the same dat 
a different form. The per cent of total st 
thickness detectable is plotted against the 
steel thickness. If an X-ray photograph 
casting or metal joint has an even densit 
can then be estimated that any defects 
are included but not detected are less 
the minimum established by the data sh 


Application to Industry 





Application of X-ray technic has p! 


I vograph of Equalizer, an Assemblage of Condensers, Resist- extreme ly useful in a number of engine: - 
ances and Inductances ina Steel, Pit h-Filled Bon Full Siz fields One of its most obvious advantag > 
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; 


it does not require the destruction of the 
under examination in order that the en 


er mav discover its true condition This 


s led to important applications of X-ray 


_ 


id 


ilvsis in the field of welding, and in the 
ndry. 
Companies specializing in the production 
large welded structures, pressure vessels 
example, or foundries that produce large 
tings of an intricate character, find it 
ymically impossible to produce an addi- 
i] unit, costing hundreds and often thou 
ds of dollars, to be used in a destructive 
in order to assure the purchaser that he 
setting a satisfactory product. However, 
taking a series of radiographs of the com- 
ted product it is now possible for the man- 
turer to check very accurately the quality 
his work without destroving any of it and 


elativelv low cost 





lrrangement of Metallic Objects, kach With 


Film Holder Tied on, Surrounding Small 


Capsule of Radon, Which Emits Gamma 
Rays in All Directions in Equal Intensity 


in addition to providing a guarantee to 
purchaser that he is getting a satisfactory 
duct, the X-ray also shows the manu- 
turer where he may improve his product, 
ne can instantly discover what effect any 

ge in his manufacturing procedure pro 
es upon the soundness of his work. A 
e advantage to be sained from such an 


sis lies in the additional reliability that 


may be placed upon a product that has been X-rayed 
Products of poor quality, although apparently sound 
as far as visual examination can determine, are often 
the cause of serious industrial breakdowns, with at- 
tendant economic losses, and sometimes with serious 
injury to workers. From a safety standpoint alone, 
the expense of radiographic examination of products 
that are to occupy important parts of engineering 
structures is justified, for by such examination, dan 
gerously weak members may be eliminated during 
the manufacturing process 
[Three exographs are reproduced on page ¢ 

from many we have made on welded joints. The 
first shows a weld that has split open due to stresses 
incident to cooling the metal after welding. Such a 
ondition may occur when the welding sequences are 
incorrect or through the use of jigs for holding the 
parts during welding that do not properly allow for 
expansion and contraction ol the metal Defects of 
this character may be overcome by changing the s« 
quence of we lIding and by redesigning the 110s 
Another type of defect very commonly encountered 
is porosily or gas pockets caused by trapping of gases 
in the weld metal during the welding process \ 
improving the welding technic through repeated 
\-rav examinations of welds made under various 


conditions, a joint of unusually high quality may be 


obtained even with bare wire electrodes The re 
markable improvement attainable by the X-ray 
method of attack on a problem of this character cat 
be seen. 


Similar technie may be employed to improve thi 
quality of die castings. In the past, the commercial 
run of die castings have been subject to gas por kets 
undetectable by surface examination. By varying the 
pressures and temperatures at which the castings 
ire made and making X-ray examinations of the ex 
perimental die castings, the correct conditions for a 
high quality product may be easily established 

Cracks caused by a combination of internal 
stress and corrosion sometimes found in non-ferrous 
materials such as brass, may readily be detected by 
X-rays even when they are not visible to the eye 
Soundness of test material can be established before 
ny extensive program (such as creep testing) ts 
embarked upon 

X-ray examination is particularly useful for 
making non-destructive examinations of assembled 
ipparatus in order to determine the relationship of 
concealed parts. For example, in equalizers contain 
ing condensers, resistances, and various inductances 
completely impounded in pitch and assembled in a 
sheet-steel container, the position ol the parts may 
be easily checked and voids in the pitch seal can be 


revealed. Similar applications of \-ravs are obvious 
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for determining the position of the 
grid in high-power transmitting tubes where the 
plate forms a heavy copper shell completely cov 
ering the other elements, or for checking the rela 
tion of parts in anv metal-cased electron tubs 


Phe X ray 


applied with equal facility to materials of a non 


method of examination may be 


metallic character as well as to metals. For ex- 
ample, an exograph of a slate panel clearly 
revealed unsuspected internal defects 

In telephone work, problems are often en 


countered that involve apparatus consisting of 


combinations of metals with non-metallic mate 
rials such as bakelite, hard rubber, phenol fiber, 
\-rav examination of such 
difficult 


dous differences in the 


woven cotton, or silk. 


subjects is quite because the tremen 
densities of the materials 
problem similar to_ the 


five the radiologist a 


photographer’s when dealing with a subject con 
taining extreme highlights and deep shadows. 
An example is shown in the view of a telephone 
handset (page 68). Position of metallic elements 
and reinforcing wires can be distinguished, and 
vet the original film clearly shows details of the 
tinsel winding in the cord as contrasted with the 


woven covering (Continued on page SO 


t +t fF 


Albert F. Shore, inventor of the sclero- 
scope, died on Jan. 17, at the age of 59 
years. 

Radcly fle 


the open-hearth and forge departments 


Furness, superintendent of 


of Midvale Steel Co., died Jan. 12. aged 


67 years. 


John Kk. Schofield, 
Montreal Chapter and 


past chairman of 
an executive of 
Edgar Allen Co. of Canada, died Jan. 16 of 


complications following appendicitis. 


W. C. Peterson, a prominent member 
of the Society’s Detroit Chapter in the 
“arly days, died on Dee. 21 after a lin- 


gering illness. 

Z.L. Sault, charter member of the Bos- 
ton Chapter, manager of Porter Forge & 
Furnace Co., died in November. 


Scott 


Co., Ltd., died in Toronto, New Years Day. 


Lynn, president of Sangamo 
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PERSONALITIES 


Fritz Eberle, tormerly head ot the Metallurgica 
Leeds & Northrup Co., has 
Works of Carnegie-Illinois 


Research Division ot 


joined the Duquesne 
Steel Corp 

J. A. Kingsbury, chief metallurgist, Bendix Prod 
ucts Co., has been made senior materials engineer { 
the U.S. Naval Gun Factory 

Louis C. McNutt is with the M. W. Kellogg C 
in Jersey City 

Ray C. 
chief mechanical engineer to plant 
lruscon Steel Co.’s Pressed Steel Division 


Skeel has been promoted from assistant 
engineer for 


Frank K. Ziegler is now Chicago district repr 
sentative tor Electro-Alloys Co 
A. P. Hoelscher has left the 
to take a teaching position in the School of Chemica 


l niversity ot low; 


Engineering of Purdue University 

R. C. Diehl is with the Wheeling Steel Co 
Steubenville 

Fred Kasch has left International Nickel Co. t 
become manager of Denver Ball Casting Co 

Francis P. Whalen has been transferred from t! 
American Steel & Wire Co. to the U.S. Steel ¢ orp R 
search Laboratory 

John F. Eckel has accepted 
Western Electric Co 
Norris has left Battelle Memor 
graduate assistant at Pe 


a position with tl 


Bertrand 8. 
Institute to become a 
State College 

William F. Heesch is president of Havanna Met 
Wheel Co. He was formerly with French and Hee! 

George Burrus, Jr., has been appointed jun 
netallurgist of the Spicer Mfg. Corp., Pottstown, Pa 

W. M. Lindsey is with Washburn Wire ¢ 
Phillipsdale, R.1. 

James Hutton is employed by the Lukus | 
Lid., England, as supervisor of materials 

C. H. Carpenter has joined the Lee Wilson | 
vineering Co. of Cleveland 

Stanley A. Richardson has been appointed ¢ 
eral sales engineer for Empire Sheet & Tin Plate | 
William Fox has replaced Mr. Richardson as 
metallurgist 

Everett L. 
Ordnance Department at Watertown 


Reed is research metallurgist | 
Arsenal 
L. S. Cope has been promoted from metallu 
to general superintendent, National Screw & Mfg. | 
William J. Mackenzie is head of the Alloy » 
Youngstown Sheet & Tube Co. i 
Chicago oflices 


Division of 


Louis Jordan has lett the Bureau of Stand 
Iron and Steel a! 


American Ins 


to serve as secretary ol the 
stitute of Metals Divisions of the 


of Mining and Metallurgical Engineers 


; 


T. N. Holden has been made sales represent 
in New York City for the Despatch Oven ¢ 
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* 
SHE’S A PARTNER IN A 
GREAT AMERICAN BUSINESS 


Oo Cay Fe 3 S: 
res 








SHE 18 One Of SSO, owners of Bell System than 6s$0, of these § securitv holders 


uritics. They are typical Americans—some own stock in the American Tele] 

r some middle age, some old. They live Telegt iph Con | y--the parent com] vy of 
Levery part of the nation the Bel 
One may be a housewife in Pennsylvania shares or k Over fifty per cent are w 
\nother a physician in Oregon—a clerk in No one owns as much as one per cent of 

an engineer in Texas—a merchant in stock of A. T. & T. In a very real 
Massachusetts—-a miner in Nevada—a ste Bell Svstem is a democracy 
Missouri—-a teacher in Califor Ow 
ra telephone employee in Michigan 


For the most part, Bell System stockholders A 
en and women who have put aside small 
vears or | rer. Mot RELL TELEPHONE SYSTEM 
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NITRIDING 


(Continued from page 39) 
stainless character of the nitrided edge, and 
carbides are precipitated in a finely dispersed 
form [his gives a sorbitic appearance to the 
structure, together with free ferrite. 

A chromium iron (26.30 Cr, 0.26% C) was 
more diflicult to harden, owing to the ve ry stable 
oxide film on the surface, which resisted the 
penetration of atomic nitrogen. Even after pick- 
ling the steel in hydrochloric acid before nitrid- 
ing, it was found that the oxide film re-formed 
in local areas on the surface of the steel. The 
surface was dull gray where hardening had oc- 
curred, due to the diffusion of nitrogen, while the 
parts which did not harden remained bright. The 
microstructure was similar to those just de 
scribed except that many particles of free carbide 
are present. 
austenitic 18-8 steel 


C) were had by nitrid- 


Jest results on the 
(17.300 Cr, 7.4% Ni, 0.11 
ing 48 hr. at 10355° F. 
Maximum hardness of 1300 Vickers Brinell 


at a pressure of 12 in. water 
pave. 
occurred 0.002 in. below the surface, and half the 
added hardness was lost at a depth of 0.005 in. 
Substantially the same results were obtained at 
normal gas pressures on an 18-8 with 1.0% AIL. 

Nitriding characteristics of the lower chro- 
mium, higher nickel steels (13 to 15% Cr, 9 to 
12% Ni, 0.10% C) were somewhat similar to the 























Steele Falle Further Awav From the Martensitic B 
Nitriding Be mes More and More Difficult 
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above, although sometimes it was evident that the 


higher nickel content had a restraining effect o; 


the hardening of the steels. A very high surfac 


hardness of 1250 Vickers Brinell was obtained j 


a 13-12 chromium-nickel steel after copper pla 


ing prior to nitriding at 1035° F. 

Higher chromium alloys (23 to 26 Cr, lf 
to 13° 
austenite, and nitride with difficulty. Best re 


Ni, 0.130 C) contain a stable form of 


sults were had at 1175° F., which gave surfac 
hardness of 860 and case depth of 0.006 in. Hard 
ness vs. depth curves of these alloys are show: 
on the curves below. 

[wo heat resisting steels used for gas en 
gine valves were also nitrided. One contained 
14.2% Cr, 13.8% Ni, 2.1% W and 0.30% C, and 
the other 13.4°0 Cr, 26.59 Ni, 3.5% W and 0.47 
C. (The latter is shown as No. 33 on the curve 
sheet.) Nitride hardening of the valve stems in 
creases the wear resistance. The greatest hard- 
ening occurred when these steels were nitrided 
at 1125° F. 
was found that the hardness of the surface varied 
from 580 to 810 Vickers Brinell, and this varia 


tion also occurred in the copper-plated steel after 


at a pressure of 12 in. water gage. It 


nitriding at the same temperature. 

The original structure of twinned austenit 
in 18-8 is still apparent after nitriding, but th 
structure in the case consists of finely disperse 
carbides, which gives it a sorbitic appearance 
(his is caused by the decomposition of austenit 
and the formation of many insoluble particles 


chromium nitride, which are firmly fixed in tl 


; 


crystal lattice. The chromium content of 
matrix is thus depleted, until ultimately the aus 
tenite breaks down, with the formation of 
(ferrite), and the carbides (which were prey 
ously retained in solid solution in the y-iron) 
precipitated in a finely dispersed form in 
sround mass. The nitrided edge is thus read 
revealed on etching with dilute nitric acid, w! 
the core is unattacked, as it remains in the aus 
tenitic condition 

The structure shows an appreciable quant 
of fine carbides, owing to the high chromium « 
tent of the steels, while the precipitation ot 
along the crystallogray 


bides or nitrides 


planes of the original austenite reveals the t 
that were originally present. Other micros s! 
that the 


the formation and deposition of particles ar 


penetration ol nitrogen takes pla 


the grain boundaries and in the slip plan 
the austenite The grains of austenite adja 


to the 


when the core is etched electrolytically 


nitrided edge reveal Neumann lam: 


) 











MOLY increases the pay load by decreasing the dead load 


FREIGHT haulage is the railroad’s “bread and butter.” 
One way to lower operating costs is through lighter, 
yet stronger, load-carrying rolling stock. It permits 
larger pay loads per car or more cars per train; 
less strain (particularly in starting) and less fuel 
consumption. 

“Moly” steels have an important bearing on this 
pay-load tare-load ratio. They are stronger per unit 
section, and are readily welded — permitting lighter 
construction. Frames and bodies can be made lighter, 
wheels stronger and more wear resisting, by using 
Moly steels. 

“A little Moly does a lot,” therefore Moly steels 


ost less than other alloy steels having equivalent 





“Rio-l 


cuts cost 


b-den-U 


properties for a given purpose. They cost but slightly 
more at first than plain carbon steels, and cost much 
less in the long run. 

That is not the whole story by any means. Moly 
steels reduce wear, breakage, and destruction from 
corrosion. Consequently, maintenance and deprecia- 
tion costs are reduced. Summed up, Moly steels will 
make a notable reduction in over-all operating costs, 


on a train-mile or any other basis. 


Innumerable instances prove Moly’s worth. Our 


book, “Molybdenum,” gives valuable technical data. 





Yours for the asking — as is also “The Moly Matrix,’ 





our periodical news-sheet. Climax Molybdenum 


Company, 500 Fifth Avenue, New York. 


agee SAte® 





m cre 
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YOUR COPY IS WAITING 





Write for this 
new folder on 
B & L Shafting 
No 4 G 
It lists stock 
Size inciuading 
B & L Small 
- Rounds, and 
—<— gives typical 


co — 


applications 


BLISS & LAUGHLIN, INC. 


HARVEY.ULL. Salis Offices in all Princapal Cities BUFFALO.N.Y. 


























American 
Bell Type 
Retort 
Furnace 
sas 


Carburizing 
Nitriding 
Ni-Carbing 
Bright 
Annealing 


( 








Hardening 
Tempering 


eA heat treating equipment of practically universal 
application, combining flexibility, uniformity of re- 
sults and economy. . . . Write for details. 


American Gas Furnace Co. 
Elizabeth, N. J. 


Engineering representatives in 
Principal Cities 




















Ya LL 
CARBURIZERS 


FOR 
conomy— 








j 
; 


and Cleanliness! 


The low burning losses of 
Pe alt ipal icma@el i teltl. ls) 
contribute to make it the 
TUbeti-lil-llil- Mm d-la-]'laba-ta 
for cleanliness an 
economy. 


CHAR PRODUCTS COMPANY 


INDIANAPOLIS 


MERCHANTS BANK BUILDING 














FLAME-OTROL 


Shuts off the gas in case of 
flame failure... 


INSTANTLY. There 


is no delayed action. 


















rt 
7 Oo Fi 


| A 
—) kgot 


LY TL ~o WES 


RADIO 
PRINCIPLE 





@ The flame itself controls the Flame-otrol on the well 
known principle of the conduction of electrical current 
through the flame. 

This current, by means of a simple, rugged radio tube, 
is brought thru the flame by an electrode. 


The failure of the flame immediately operates a shut 


no part 


$69 


signal light oe eo Heat plays 


action is instantaneous. 


Price 


= 3 @ « 
THERMO-CONTROL DEVICES, Inc. 


1112 Milwaukee Avenue Chicago, Illinois 








off valve on the feed line, and lights a red | 
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A I? > 
Photomi rographs a 
of crispest defini- QQ 
tion at highest 
magnifications can 


be obtained with 
LEIT Z 
SIMPLIFIED 
VMICRO-ME- 
rALLOGRAPH 
*\MM-2”’. 





f- LEITZ 
INCORPORATED 


DEPT. MP 
hk. Oth STREET, N. Y. C. 


i Branches 

WASHINGTON, D ‘ 
CHICAGO, ILLINOIS 
SAN FRANCISCO, CALII 
LOS ANGELES, CALII 
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For Exceptional Quality 
HIGH SPEED STEEL HARDENING 


At Minimum Production Cost 





TINHE new Sentry, Model “Y™ Furnace is extremely 

economical to operate, gives uniform hardening © 
temperatures, heats in less than an hour, and has no ¢ ; on 
complic ated water-cooling system or valves to adjust 

Constant correct control of atmosphere by Sentry Diamond 
Blocks assures tools of maximum hardness and toughness 
Absolutely no seale, decarburization, or reduction in size on 
any high speed steels. Tools have a pleasing gun-metal finish 
and sharp corners are retained during hardening 

Since 1928 many concerns have benefited by the Sentry 


Diamond Block Method of hardening and now the new Model 


“Y” Furnace, designed especially for this service. assures in 





‘ reased economy, uniformity, and convenience 





Specificat ‘ Furnace for small tool hardening (slobar heats 
elements Air-cooled terminals Terminals and all electrical con 
tacts shielded. Removable full muffle chamber for size 21, 22 tite 
and 23 Sentry Diamond Blocks assures correct atmospheric contr 
d finest quality hardening (-as curtain can be added extra 
Bench or pedestal mounting. Operating temperatures up to 250001 





Rating 10 K. W. mazimum. Operating consumption 2% K. © iis PRICH 
+ - 
165.00 


The Sentry Company CONTROL EXTRA 
i mep.4 BORO, MASS., U. Ss. A. WU rite for literature and send tools to be hardened 


212 Ton Muffle 
of CHROMA X* 


Two and one half ton muffle an 

























ounce casting all are alike to the 
Driver-Harris Foundry. The same precision and 
care is given to every casting. That is why 
“Chromax”, “Cimet” and “Nichrome” are used in 
hundreds of plants for these plants know that a 


quality casting brings quality results 


DRIVER-HARRIS COMPANY 
Harrison, N. J 


*Trade Mark Reg 


U. S. Pat. Off 
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Ow body stock MUST BE SMOOTH 





Auto builders insisted...and TAMCO 
answered with this NEW Medium-Carbon Alloy 


Forced to reduce every operation of manutacture to TAM Medium Carbon FCT Neé $5 is but one of 

an absolute minimum, automotive engineers called many quality improving TAM Metallurgical Alloys 

for improved, vet low cost body stock. To meet the for all kinds of metals, ferrous and non-ferrous 

requirements of modern body designs, and the cold TAM Alloys include TAM Original High Carbon FCT 

forming equipment used in production, the body No. 78, TAM Low Carbon Ferro-Titanium (both 25 

stock must be extremely ductile—capable of yield Tiand 40%, Ti), TAM Foundry Ferro Titanium, TAM 

ing to complicated forms without cracking and with Webbite (Alumino Titanium), TAM Molybder 

a smooth, mirror-like surtace Titanium, plus many others 

TAMCO met this demand with TAM Medium-Car Let TAM Research and practical TAM Engines 

bon Ferro Carbon Titanium No. 35, a special fluxing issist you in any metallurgical problems now facing 

deoxidizer for rimming steel. Since its total carbon your engineers. Simply write, stating TAM appli 

content is only 3% to 5%, TAM Medium Carbon FCT ons of interest to vo 

No. 35 makes possible a very soft steel— * 

approaching ingot-iron in quality— ideal “n AMZ HE TITANIUM ALLOY MANUFACTURIN( 
P 

tor deep-drawing into auto body stock ; COMPANY * « NIAGARA PALI N.Y 


TA M Medium Carton Frexn0 arson Jf iranium 
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PRECISION 


Temperature Control 
...as you need it and 
as you like it 








BRISTOLS 


PIONEERS IN PROCESS CONTROL SINCE IS88¢ 














Industrial Furnaces 
of all kinds 


Forging, Heat Treating, 
Metal Melting, etc. 
® 


Car type furnaces, Conveyor fur- 
naces, and the Stewart Gasifier 
4 
A Stewart representative is located 


near you. Let us know and we will see 
that he gets in touch with you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 
1104 So. Central Ave., Chicago, U. S. A. 


FLEXIBLE SHAFT COMPANY, Ltd. 


349 Carlaw Ave., Toronto, Ontario, Canada 
Eastern Branch Office: 11 W. 42nd Street, New York, N. Y. 

















Dr. Albert Sauveur 


‘Dean of American Metallurgists,” presents a 


Metallurgical Dialogue 


iutographed by Author 


\ UNIQUE and informal method of pres 
£% entation wherein a master answers his 
pupil’s question as to ‘‘why steel hardens 
when plunged red hot in cold water’’ is util 


ed by Dr. Sauveur, Gordon McKay Profes 


sor of Metallurgy and Metallography n 
Ilarvard University, in this fundamental 
SCUSS101 f steel m lurgy and meta 


iphy 
‘he questions asked by the pupil during the 
vuurse of the dialogue lead to many subjects 
such as red shortness, alloy steels, cold work 
high speed steel, corrosion, and _ stainless 
steels Valuable historical material and a 
omplete review of the various theories of 


hardening steel are included. Bound in clot} 
(0) pages, 516x8 in., 12 illustrations 
Pre-Publication Price—$2.50 
After Aug. 25, $3.00. Send your order and check 
immediately to 
AMERICAN SOCIETY for METALS 
7016 Euclid Ave Cleveland, Ohio 
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TOCKS mortgage bonds me 

l equipment ...contrast thei 

tment returns with that fy M Insu 

H the black and white record 

One dollar each year for every dollar 
originally invested in J-M Insulations. 


Thus, in ten years, $10,000 on every 
thousand ! 





| 
pt 


eS 


Insulation Profits im 
Payable to You! 


} 
i 
j 
| 
i 


| 
| 


a> 10,000 
oy 


9,000 


Felele) 
ietere) 
oXelele 


| | 5000 


$1000 invested four different ways 


in 1925 conclusively proves that 


4,000 


funds spent on J-M Insulations 
bring unequaled cash returns 


193! 


1929 


1930 


specific J-M Insulations 


SUPEREX 
BLOCKS—especially well adapted for it 


] - 1} mo nr lke 7 
sulating slab-heating, annealing and 
types ol lle 

] 1 . ’ } 1! 
I 1u g al! I 
et} . egener + ile ‘ 
r e pr their 
| 
i! + sal ‘ 


cien ] r 4 i be f 

] WwW I I t l ¢ 
br ug! t up t ) I c t with m a) 4 \ it 
nes Both C-22 and Sil-O-Cel Natural 
Brick are also used behind refractory 
linings. You'll want py of “I ] 

of I strial Fur nd O Sim 
ply mail the cou Johns-Manvill 


J-M Insulations Saved this Company 
Over $66,000 Since 1929 


Back in 1929, a large Ohio steel foundry insu 

lated their open-hearth regenerators and flues 
with J-M Sil-O-Cel Natural and C-22 Brick. In 
3 months the savings had entirely paid pur 

ost. And then the divi 

dends started coming in. For 6 years, an annua! 
return of 418&' An annual saving of $11,600.00 
4 total of well over $66,000 thus far' 


chase and installation « 
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Johns-Manville 
INDUSTRIAL 
INSULATIONS 


For every temperature 
condition from 400° F. below 
zero to 3000° F. above. 


JM 





JOHNS-MANVILLI 


2 E. 40th Street, New York City 


Please send me a copy of “Insulation of Ir 


dustrial Furnaces and Ovens 

Name Tithe 
Organization 

Address 


ity State 
















The fame of “Fleetweld” comes from 
more than their speedy pace. These popu- 
lar electrodes are recognized as the standard 
in weld quality! Metallurgical engineers the 

world over have given “Fleetweld” this recognition. 


Chousands of test specimens in mild steel attest the 
fact that “Fleetweld” electrodes, under all working 
conditions, produce better welds, at faster speeds and 
at lower costs than any other heavily coated electrodes. 
Chat’s why more “Fleetweld” electrodes are used than 
all others combined. 


Insist on the dependable quality and economy of these 
electrodes for your mild steel welding requirements. 
It pays! 


“FLEETWELD 5” welds in all positions producing 
weld metal with tensile strength of 65.000-75.000 Ibs. 
per sq. In.; ductility of 20%-30% elongation in 2”: impact 
resistance of 30-70 ft. Ibs. (Izod); fatigue resistance of 
28,000-32.000 Ibs. per sq. in.; density of 7.84-7.86 grams 
per c. ¢.; resistance to corrosion greater than mild steel. 
W elds can be flanged or bent cold, also forged. 


“FLEETWELD 6” for flat position welding only. Welds 
more than meet A.S.M.E. Boiler Code, Class 1 require- 
ments. Welds have approximately 65.000 lbs. per sq. in. 
tensile strength; average ductility, 25%-35% elongation in 
2”; impact resistance, 30-60 ft. Ibs. (Izod); fatigue resist- 
ance, 28,000-32,000 lbs. per sq. in.; density, 7.85-7.86 grams 


per c. ¢.5 resistance to corrosion greater than mild steel. 


“FLEETWELD 7” for all positions, especially for high 
speed single pass welding, and where fit-up of work may 
be poor. Welds show tensile strength of 70.000-80.000 Ibs. 
per sq. in.; ductility, approximately 20% elongation in 2”; 


impact resistance, 25-30 ft. lbs. (Izod); fatigue resistance, 


25,000-30,000 Ibs. per sq. in.; density, 7.80-7.85 grams per 
c. ¢.3 resistance to corrosion comparable to mild steel. 
FREE samples of “Fleetweld” electrodes are available. 


Requests for samples should specify ty pe of “Fleetweld” 
desired. 


WRITE DEPT. MM-208 


THE LINCOLN ELECTRIC COMPANY 


CLEVELAND, OHIO 
Largest Manufacturers of Arc Welding Equipment inthe World 











PLASTIC FLOW 





In view of the possibility of hardening after co}, 
work (plastic deformation) it is clear that th 
relationship of softening to heat treatment ca 
not be a direct ratio. 

Slip is most obvious in carbonyl iron and 
Swedish iron both on the surface and in the ij 
terior of crystals, and is least visible in Arme 
ingot iron and mild steel. The principal visibk 


form of movement in these materials below 


600° F. is by slip, which diminishes with increas 
ing temperature up to 1550° F 

At moderate temperatures, such as 850° | 
initial deformation of steel, a polycrystalline ag 
gregate, occurs by slip. Re-bonding occurs in 
new position, but the process is not without 
marked effect on the atoms adjoining the sli 
plane, as is shown in the permanent alteration of 
the properties of the material. 
lattice 


of a crystal grain can be strained to a degree cor 


\-ray examination suggests that the 


responding to the elastic limit. Beyond this 
point slip occurs and the stress is relieved to 
value possibly slightly less than that at the point 
of slipping. In order that slip may continue the 
stress must again build up to a value as great as 
or greater than the previous elastic limit. Slip is 
not a continuous movement, but occurs in a series 
of steps which correspond to lateral movements 
on groups of parallel planes. In terms of th 
atomic size this movement is appreciable, for th 
blocks have dimensions corresponding to several! 
thousands of atoms. 

Deformation at such moderately high tem 
peratures results in recrystallization. (Recrys 
tallization is regarded as including any process 
As far as 


| 


its ultimate effect is concerned, the subject ol 


which results in crystalline recovery.) 


recrystallization is divisible into three sections 
(a) Grain growth, (b) generation of new crystals 
by full recrystallization, (c) division of existing 


crystals into smaller units — “sub-crystalliza 


tion.” Thus, deformation by creep tends to pro 


duce fragmentation of the crystals, whereas the 


result of prolonged treatment at an annealing 


‘ 


temperature results in more or less complet 
crystalline recovery. 

In the case of slight deformation at an iD 
termediate range of temperature, re-orientat 
effects are set up in the strained crystals with 


(Continued on page 82) 
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One piece annealing, carburizing or heat 
treating tray on three rail pusher furnace, 
Note that center rail is low and that the 
tray is ridingthe outer railsonly. The stress 
in this position is four times greater 
than with all rails bearing. 


Uo. 2. = 
> =P a 


Same as above with center rail high and tray 
cantilevered. This stress can approximate 
seven times normal stress with three rails 
bearing. 


ous that no set of three parallel rails 

ers remain perfectly level on the 

temperature in the furnace It would be 
ible to make them remain straight ever 


1 brick floor 


ut thin 

three ) t all ] 
port in a pusher fu 
nace Alloy trays while 
hot conform strair 
themselves 
cone na l 

gulariti ppo 
which flex may brir 
on earli fatigue fail 
ul nal would occu 
where stresses reduced 
by making impossib 
for the tray to work on 
a aC pa dé 
the j 


HARRIS Patent No. 2,022,283 
Obsoletes All One-piece Trays in 


Three Rail Pusher Furnaces -- . 


Harris hinged tray. Although center rail is 
low as in Fig. “A” the hinged tray distrib- 
utes the load on three rails with stresses 
only one-quarter that of one-piece tray. 


Harris hinged tray. Center rail is high as 
in Fig. “B” but weight is uniformly distribut- 
ed and stresses approximate one- seventh 
that of tray shown in Fig B. 


piper above cuts are purely diagramatic and a 
rail i hown for simplicity The ime princi} 
regardl of rail de t what type f id 


tray 


= Harris patent 
chanical dé 
tray to mov 





a 


ANY INFRINGEMENT WILL BE VIGOROUSLY PROSECUTED 


GENERAL ALLOYS CoO. 


BOSTON - CHAMPAIGN 


Branches in Principal Cities 
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" , . »°* . 
SESSOP’S 
’ | | y % wry ’ > ‘ 
SHEFFIELD STEELS 
\ 4 4 4 " 4 4 Ab 
ARI 


CRUCIBLE MELTED 


T 


ingots are smaller, examinations more 


HIS MEANS that 


frequent, and control closer. ... It 
means that there is not the same eco- 
nomic objection to scrapping a small 
defective ingot as there is to scrapping 
a large one.... And it is just one 
more reason why tool steel users re- 
vard Jessop's Sheflield Steels as the 


Standard of Quality 


WM. JESSOP & SONS 


1774 Incorporated 1936 


NEW YORK BOSTON TORONTO CHICAGO 
121 Varick Street 163 High St 9 Frederick St Monroe & Jefferson 


faencies and stocks throughout the Lnited States 




















PROBLEMS in HARDNESS TESTING 


Solved at Minimum Cost Our Bulletins Tell How 


For 100% portable hardness testing for metals the 
SCLEROSCOPE is used the world over, described in our 
bulletins S-22 and S-30. 

For testing rubber our bulletins R-4 and R-5. 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, etc., 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use. 


4 selection from this line will definitely meet with your requirements 


THE SHORE INSTRUMENT & MFG. CO. 


Van Wyck Ave. & Carll St. Jamaica, New York, N. Y. 
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orains Phe phenomenoi 


_ 


the formation of new 
is somewhat analogous to the results of. re. 
annealing deformed material, in that lightly d 
formed material does not  recrystallize, but 
undergoes re-orientation within the crystals and 
consequently considerable readjustment of the 
internal grain boundaries is necessary to produc 
a stable system. Grain growth, therefore, occurs 
on the part of favorably oriented crystals (and 
can apparently occur without formation of ney 
orains). 

The normal manner of failure in test pieces 
of iron and mild steel fractured below 750° | 
is by transerystalline rupture. In creep tests at 
7oU" F. taking up to 10 days for fracture, Arme: 
ingot iron exhibits intercrystalline cracking, but 
no characteristic intercrystalline failure is found 
in the other materials tested at this temperatur 
lfranscrystalline rupture probably results fron 
the fact that the center of a crystal, owing t 
geometrical conditions, deforms more easily thai 
the material in the region of the grain boundaries 

Surface cracks show little tendency to spread 
into the material except in Armco ingot iron. The 
tests on Armco ingot iron also show that inte! 
crystalline cracks may develop by internal 
separation of the grains. 

Failure by intercrystalline cracking is found 
in materials subjected to internal strain accom 
panied by corrosive conditions, and in alloy steels 
fractured by prolonged application of stress al 
elevated temperatures. In the latter case the 
crystals have been stiffened by alloying additions 
but alloving does not appear to strengthen th 
grain boundaries. 

rhe present work suggests that intercrystal 
line cracking occurs in a material which does not 
accommodate its localized differences in stress by 
recrystallization. The facility of recrystallizatiot 
prevents a material from becoming unduly work 
hardened and does, in general, hinder the forma 
tion of cracks which lead to rupture 

In soft steel at temperatures below 600° | 
the presence of the harder constituent, pearlit 
probably has a marked stiffening effect on the 
ferrite grains, and this effect diminishes with ris 
of temperature up to the A, point. 

Apart from the mode of rupture and degre 
of recrystallization, spheroidization of the cat! 

(Continued on page 84 
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CARBON-MOLYBDENUM 
STEEL 


Recently introduced steels containing small quantities of molyb 
denum are notable for their excellent tensile strengths and high 
creep strength, or resistance to slip between adjacent grains when 
stressed at high temperatures. The usual molybdenum content of 
such steels is .40°% to .70%. 





MUREX CARBON-MOLYBDENUM 


WELD METAL 





T " 
d 
PHYSICAL PROPERTIES 
Yield Point 55.000 p.s.i Elongation in 2 in. 34% 
Ultimate Strength 73.000 p.s.i Reduction in Area 66.6% 


CHEMICAL ANALYSIS 
Carbon 12 Molybdenum 48% 
Silicon -08 


Manganese 64%, 
Phosphorus and Sulphur less than .035% 





Murex Carbon-Molybdenum .50 Electrodes are used 
widely in welding piping for high-pressure and high 
temperature services. Rapid in operation, they can 
be depended on consistently to produce clean, sound 
deposits with physical properties equal in every re- 
spect to those of the metal being welded. In fact, the 
particular properties of the deposit depend to a great 
extent on the carbon, molybdenum and manganese 
contents of the parent metal. When welding high 
strength manganese-molybdenum steel, for example, 
the weld metal may develop tensile strengths as great 
as 97,000 lbs. per sq. in. 


Murex Electrodes for welding alloy steels . . . includ- 
ing Cromansil, Cor-Ten, 2'2% Nickel, .85% Nickel. 
4% to 6% Chrome... have found wide acceptance 
throughout industry. All are standard Murex Elec- 
trodes and can be furnished promptly from stock. 


May we send you the recently published booklet de- 
scribing the entire Murex line? Ask for Booklet 2 a.p. 


METAL & THERMIT CORPORATION 
120 Broadway New York, N. Y. 


Albany Chicago Pittsburgh S. San Francisco Toronto 


MURE X 


HEAVY MINERAL 
COATED ELECTRODES 
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bide is a factor. After long stay at 650 to 1200° | 

and after short time tensile tests at 1050° F. and 
1200° F. the pearlite present in mild steel begins 
to spheroidize. If this action is completed, the 
iron carbide is aggregated into rounded globules, 
which have little stiffening effect on the continu 
ous ferrite phase. 

The present work shows that in 24 hr. at 
1025° F., spheroidization of the carbide in pearlite 
under the deformation produced by a load of 
9000 psi. is quite appreciable and in marked con- 
trast to the inappreciable amount produced in an 
unstressed specimen. It thus appears that the 
rate of diffusion of the carbide has been greatly 
increased by the deformation. 

lhe samples of Swedish iron and of Armco 
ingot iron contain larger and more numerous 
non-metallic inclusions than the mild steels. The 
carbonyl iron is apparently free from included 
matter. In no case does it appear that the mode 
of deformation and fracture has been directly 
influenced by individual pieces of non-metallic 
material.. An indirect effect is undoubtedly pres 
ent in the case of Swedish iron which tends t 
split into longitudinal fibers parallel to the dire« 
tion of the non-metallic inclusions. Intercrystal 
line cracking of Armco ingot iron is not connected 
with visible included matter, but may possibly be 
associated with the oxygen and nitrogen contents 
and a proportion of other constituents. 

The effect of the process of manufacture of 
the various materials is revealed by differences i 
the mode of deformation in long-time creep tests 
Mild steel shows little tendency to develop inte 
crystalline weakness or to split longitudinally 
into fibers; it thus appears that the presence ol 
carbon during manufacture has kept the steel! 
free from some of the defects that arise from the 
presence of oxides. Swedish iron shows an east 
of recrystallization and considerable ductility, 
but a marked tendency to form longitudinal 
fibers under the action of deformation. The 
mode of manufacture has caused an unusual dis 
tribution of the impurities in Armco ingot iron, 
which is the least ductile of all the materials and 
is characterized by a _ tendency to devel 
intererystalline cracking at high temperatures 
Carbonyl iron shows no tendency to split long 
tudinally into fibers, but is otherwise ve! 
similar in behavior to Swedish iron. 
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we That's one way to look at 

it... but the fellow who must 

constantly be paying out perfectly good 

money for equipment replacements soon 

grows a bit exasperated. He knows that 

hi-manganese steels have been available, 

but the costs have always seemed en- 

tirely too high...and so he has suffered abrasion-resisting steel. It has estab 

in silence and gone on paying for re- lished some outstanding records, in fact 

placements of plain carbon steel. one customer found that it stood up 
; However, Carnegie- better than 11/14 manganese steel, 

Illinois Steel Corpo- white cast iron, rubber and other high 

ration developed AR cost materials that had been tried 

Steel... to meet the We Suggest you send for our new 


demand fora /ow-price bulletin on AR abrasion-resisting steel 


CARNEGIE-ILLINOIS STEEL CORPORATION Pitt 


COLL MBIA S&S 


UNITED STATES STEEL 
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SE PANGBORN EQUIPMENT 


R MODERN LOW COST 


“BLAST. 


CLEANING 


° 
Pangborn Blast Cleaning Equipms 
® Pangborn Cabinets, Barre 


HW rite for Bulletins 


World's Largest Mfgr's of Blast Cleaning and Dust Collecting Equipment. 


PANGBORN CORPORATION 


The World's Largest Monufacturer of Biost Cleaning and Dust Collecting Equipment 


HAGERSTOWN 


MARYLAND 


























Sturtevant 


REGUS PAT OFF 


Centrituga/ 
Compressors 


to ! l olumes ) I. to 


) i ve Ll twee naces, | ‘ 
rite conve na ither purpose 
© Pressures: 


¢ W 


B. F. STURTEVANT CO., HYDE PARK, BOSTON, MASS. 
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RADIOGRAPHY 





During the last two years industrial use has 
been made of gamma rays for the examination of 
metals for defects in sections of steel as thick as 
10 in. 
electromagnetic rays similar to X-rays, but thei: 


Gamma rays, as mentioned previously, ar¢ 


wave-lengths are even shorter. They are pro 
duced by the disintegration of the atomic nuclei 
of radium. The commercial source of such radia 
tion is “radon,” a gas obtained from certain solu- 
tions of radium salts. This gas has the ability t 
radiate gamma rays in the same manner that 
radium does, but the amount of radiation pro 
duced decreases rapidly, so that its effective lift 
is but a few days. A small capsule of radon gas 
no larger than a 22-caliber bullet may be rented 
from the manufacturers at small cost, and will 
furnish suflicient gamma-ray radiation to allow 
a number of radio 
graphed that could not be penetrated by X-rays 


heavy metal parts to be 


he technie is simple, as shown by the last 
view where a number of objects, to each of which 
a film is attached, are arranged about a rador 
capsule. Of course the sensitivity of the method 
is not as great as that attainable with X-rays o1 
sections sufficiently thin for X-ray examination 
for we have no control over the “hardness” of the 
rays emitted by the radon gas, and consequently 
cannot readily distinguish small differences of 
density. For example, a gamma-ray picture of a 
steel penetrometer, when compared with an exo 
vraph of the same subject, indicates that the 
steps representing different thicknesses of steel 
are much more sharply distinguishable in the 


exograph. However, for the examination of 


sections heavier than those that can be readily 
X-rayed, gamma rays give excellent results. For 
example, wiped lead joints for joining a cable 
with a loading-coil case have been studied with 
gamma rays. Such a joint must be of extremely 
high quality if corrosion and moisture complica 
tions are to be avoided. A gamma-ray examina 
tion can be used to reveal any defects present in 
the joint, whereas X-rays do not penetrate it 

In conclusion it may be said that within the 
well defined limits of usefulness set forth in this 
paper, we have in X-ray examination of engi 
neering structures a useful non-destructive test 
of quality. Gamma rays may also be used in ce! 
tain applications to reveal hidden defects wher« 
these defects might not be readily revealed by 


\-ray examination. 
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The Electro Alloys Co. 
Elyria, Ohio 


“Quality Castings Since 1919" 
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ZEISS METALLOGRAPH 


\ really complete metallograph ... . Bright field, Dark field, Polarized 
light, Low power survey and Macro-photography. The most perfect met- 
allographic instrument. —Simple but stable design. — Convenient of op- 
eration. — Unexcelled optics. — Instantaneous change from bright field to 


dark field without disturbance of focus. 


Descriptive catalog Micro 500 and prices will gladly be supplied upon request. 


Pacific Coast Branch 728 South Hill Street, Los Angeles, Calif 











CARL ZEISS, Inc., - 185 Fifth Ave. - New York, N. Y. 
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How Deep Do You 
Carburize ?? 


* 


Controlled Cases from .005 to .250 inch 
are being produced at Low Cost with the 


Hevi Duty Vertical Retort 


Carburizer 
. 


Hevi-Duty Vertical Furnace in the plant of 
The Warner & Swasey Co,, Cleveland, Ohio 


Send for Bulletin No. 931, it describes 
the Electric Vertical Retort Furnace. 
TRADE MARK 
“Ah o4" 

REG. S. PAT. OFF 


HEAT TREATING FURNACES 
« ELECTRIC EXCLUSIVELY » 


HEVI DUTY ELECTRIC CoO. 
MILWAUKEE WISCONSIN 
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COPPER HOUSES 


(Continued from page 46) 


lo hold the copper wall plates firmly u 
place and eliminate all tendency for vibration 
and rattling, yet provide full freedom for expa 
sion and contraction with temperature, several] 
spiral springs are fastened to the inside vertical 
center line of each plate. The other ends are 
hooked over a 1%-in. angle running vertically be- 
tween studs. The tension of these springs draws 
the plate inwardly and at the same time brings 
it firmly into contact with the extruded bronze 
strip at the edges. 

This building is roofed with the usual 16-oz 
sheet with standing seams, laid on %-in. tongue 
by wooden 
of 


and grooved sheathing, supported 
rafters and insulated with felt paper and 4 in 
rock wool. 

Inside wall surfaces are plastered on metal 
lath, and the 4-in. open space is filled with spun 
lass insulation. This construction for outside 
walls transmits only 0.08 B.t.u. per hr. per sq.ft 
per °F. difference in temperature inside to out- 
side. Heat transmission through metallic studs 
is minimized by plaster on inside and the line 
contact between extruded shape and flanged cop- 
per at the outside. Condensation on the inne 
surface of these walls need not be feared in win 
ter, as modern houses are completely air condi- 
tioned and humidity is under control at all times 
and temperatures. 

Copper houses are painted in any color 
scheme desired, except, of course, the roof, which 
gradually acquires the patina which is so attrac- 
tive. (This patina can now be artificially formed 
on the sheets prior to erection.) 

While the 


considerably 


Bethesda 


expensive than 


copper walls in the 


house are more 
wood and probably more expensive than stucco, 
they are practically equal in cost to brick venee! 
and are less expensive than solid brick. How- 
ever, we are not advocating copper houses from 
the standpoint of cheapness, but for their dura- 
bility, taken in a broad sense. They are really 
reasonable for what you actually get in them 
a structure that is weather-proof, rust-proof, fire 
proof, lightning-proof, sound-proof, and termite 
proof. 

he construction principles used on the coy 
per house can be applied to almost any type ol 
design, and can be built by orthodox building 
methods and skilled building tradesmen. No di 
ficulties or extra costs are involved in erectio 


‘ 





